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FOREWORD

i

"l'he research reported here in sunlnlary fonn was conducte d under tile auspices of
Wcapolls.-Suppomi,,g Res;catch (WSR) ai!_lliistittltic_nalResearch :lhd l"_evclcq_inv:!ll
(IR&D). The period covered is the first half of FY90.

WSR is the principal source of discretionary funds to support furldamental research in
the Chemistry & Materials Science Department ((.'&MS). The purpose of WSR is to
provide the scientific and technical base that is required in the longer telm f'e" success of the

Weapons Program.
Administratively, WSR is organized into block-funded programs ("thrust areas") and a

few smaller projects led by individual investigator's. A thrust area is designed to provide a

coordinated approach to a focused scientific or technological area and typically involves L

several senior scientists.

1R&D is intended to broaden the exploratory research base of C&MS. In FY_)(),IR&I)
funds have underwritten several single-investigator projects and (in part) relatively large
programs such i.tSSpin Polarization and High-Temperature Superconduclivity.

In practice, research programs carried out under WSR aust)ices are similar in spirit and
substance to those supported by IR&D. Indeed, some oi"the.work is funded by both
sources.

The results reported here are for work in progress; thus, they may be preliminary,
fragmentary., or incomplete.. Interested readers should consult one ot"the authors of a

report before quoting it or otherwise referring to it.

T. T. Sugihara
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ENERGETIC MATERIALS

R. L. Simpson (Thrust Area Leader)

In the last year, tile emphasis in explosives research has changed direction, from

developing and characterizing materials with extremely high energy to producing an

understanding of materials with enhanced safety properties. The iss,ie of explosive safety

encompasses physics and chemistry at many levels, and it is nt:cessary to develop both

theories and probes for prcx:esses ftore the molecular to the hydrodynamic, lt is als0

important to create new compounds upon which we can test our understandiilg and our

qualitative mcx:tels.
The work summarized here falls into three areas:

* First, new molecules arc being synthesized based on our qualitative understanding

of the insensitive high explosive TATB.

. Second, we are probing more deeply into the nature of chemistry under tile high-

ternperature, high-pressure en vironrnent.

. .Third, we are irnpr0ving our understanding of the hydrodynamic behavior of the

energetic materials.

There ts significant overlap amot_g the three areas to improve the interaction between the

diverse spectmtn of talents within the section.

Synthesis of New lnsensilive Explosives

C. 12.Coon I'. F. Pagoria k. R. Mitchell

()verview

_l'A'r'B is currently accepted as the standard "insensitive high explosive." Because ()fits

extreme stability and lack of sensitivity to shock, friction, spark, etc., it plays an i_nt)ortant

role in the design of weapons systems. However, there is continuing interest in "improved

TATB," that is, in ilia explosive that retains ali (or nearly all) ot" the safety properties of

"I'ATFt while possessing a higher energy-density ratio.

U'he following qualitative factors are widely accepted as contributing t(: the illscnsilivily

of TA'I"P, and other insensitive high explosives'

, Incorporation ot"only moderate amounts of energy inr() a molecule.

. Extensive hydrogen bonding, both inter- and intra-molecularly.

. The opportunity t'(,r the removal of water as tile first step in decomposition.

o A graphiticcrystalline structure.

The chemical prol)eriies oi'TATB have bcen reviewed by S. Rice and will be published

shortly.

For this project, we have chosen specific target materials that incorporate these factors

to sorne degree. As specific larger comp(+unds arc synthesized, they arc fully characterized

to dctc'i'rr_inc it" they are replacerncilts for 'I'A"I'I_, as predicted.
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Progress

Our research efforts were directed in three specific areas:

(1) High-nitrogen insensitive explosives.

(2) Nitrate ester-alcohol explosives.

(3) IHK-6.

Hi t_ltNitrogen Insensitive £.rOt_,- "-)vl',,_,(,,

Our research has been directed towurds the synthesis of insensitive energetic

COmlgounds bused ota 3-amitao-5-nitro- 1,2,4-triazole (1), The synthesis of (1) IRcF. EM-1

is show,r_ in Fig. I:'.M-1 and consists of ucetylating the comnlercitflly nvailable 3-arnino-

1,2,4-triazole (2) to give 3-acetamido-2-acetyl-1,2,4-triazole (3) in 8(1% yield, partial

hydrolysis at 50 oC to yield 3-acetarniclo-1,2,4-tri:tzole (4) in 80% yieldl nitration with

Ac20/I INO 3 at 0 to 7 °C to give 3-acetamido-5-nitro-1,2,4-triazole (8), and hydrolysis of

the ncctamido groul) with aqueous I IC.I to give the target compound, We have completed

the first two steps of the synthesis but huve run into some difficulties reproducing the

nitrutiorl step. Severnl attempts have been made using., both Ac20/IIN() 3 and N205/I INO 3

us the nitrating agent at various reaction temperattlres, but little or no yield of (8) wits

obtnined. This pt'ornpted us to investigate alternative methods for synthesis of (I)

(Fig. IIM-2). The method we envision involves the taucleoph ilic displacement of

-Br or -NO 2 fl'orn a protected 3,5-disubstitulect-5-rlitro-1,2,4-triazole, l:'rolcction of lhc

iltT'liIi{'_group at the 2-position is recluired because it has I:xzenshown th_.ltunprotecte¢t

triLIzoles have, instead of rlucleophilic displacement, deprotonntion o1 the acidic hydrogen _tt

the 2-positiorl occurring IRet. EM-2I, Protection of the ring nitrogen with the lcrt-

I:',ulyloxycarbonyl (BOC) [ReI'.EM-31group (which is easily rernoved by rnil(t acid

hydrolysis) should allow nucleoplailic displacctnerl t with nrnrnonia to give the desired

cotnpotlnd.

N_ N/I.I H H I

N NI4, A . -------,. _N y "Nt-IAc NHAc IINO, Q:N NtlAc It,,O Q,N NII,,

(2) (S._ (4) (5) (1)

I"i!._'.I:.M-I. Rct_{wtcdx>'nthcxisof 3-amim>5-nitr{_..1,2,-l-lriaz('_h.'(1).

\N"C]Itl\'c c{.mll'_Ictcd lhc ,'+ytatllusist+l:3.+nitro- 1,2,.4.-tri_t/.olc t6):trtd 3--l_rc.wn¢+-5-rlitr(_.-

1,2,,:l-triuzolc (7)II:ig. liM-2l. ("(_tnln-+tlnd(6) WaS svnIlacsi:,'.c(t in 50 to 6()C,_\,icl_l I_\'
di[zz(Hix;,tti(moI"3 arnin(_-. 1,2,.:l-.Iri',_/ol¢ t'(_ll(_wL'(Ib\' rcm:ti{m with N;IN()-, fret, t:NI..II.

l?,ronlin_.tti(_nof (6) with l_,r.-,un(Icr l_:txic L'C_ll(litJ¢_ns',lt N(}°C \'iul_ls (7) in 7()('(, \'icl{I 'as_..

light yell(tw pl;tics IRcl. I;:N1-5I.('¢+lnl+luti(+tl{+ftl+c s\'t)thL'.xixol'(I )is ttnticip',ttc¢t i_ tlw It_.'[tt"

['tlttll'C. "l'l_isc(+tnp(,ttn(l wilt he tcttctc(I with \'_.lri_+uxclwrgctic hctcr(w\'clcs t_+s','i+tllusi:,,u

lli_l_-.nitt'{++-er_,it_xcnsitivc cncract ic m',llcri',tls.
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1,4,,t4
ltt H

' /t ' , l NaNC_

OaN N NO; ' OeN N N_
(10). (11) (12)

NI-13

' "BOC_/t4 ' ' /tl /p,O C

i,,oo,, o>4(D.." ___+ , / -'---_ ----"
O t3'2 _Br'_N/'/ NO_ base _r, It" NO,. N. ,, *0 I- N_,

(6) (7) (8) (e) (1),

i

Fig. EM-2, Alternative syntheses of (1).

Nitrate t;Jster-Alcohol E.qflosives

In this work, a target material was preparedthat had moderate energy and hydrogen

bonding involving hydroxyl groupsrather than the usual amino groups. This is a one-step
synthesis in which 2,5-dinitro-1,3,4,6-tetrahydroxycyclohexane, a relatively inexpensive
material, is partially nitrolyzed. The target cornpound, IDN, was prepared in small quantity
(~200 rag). Larger quantities will be synthesized for characterization and evaluation.

ttK-6

The goal of the HK-6 project is to develop a partially nitrated urea tmr outperforms
I)NGU (large failure diameter) btit retains cornparable insensitivity. The complete nitration
of triazone, an inexpensive component of a commercially awiilable fertilizer, yields K-6
(keto-RDX), which is about 5 to 7% more energetic than HMX. K-6 is cornparable to
RDX in sensitivily tests and carinot be considered an insensitive high explosive. We are
exploring ways to partially nitrate triazone and obtain HK-6 free of K-6 and other nitration
products.

Related Work

The synthesis group and B 7'_u_began work last year in the synthesis of a series of

TATB analogues, including deuterated (2I-I)-TATB, 2H-DATB, and 2H-picramide
[Fig. EM-3 ]. The synthesis of 2H-TATB and 2H-picramide is essentially complete; only

analysis for extent of deuteration remains. The synthesis of 2H-DATB is ready to be scaled
to 50 gas model reactions indicate that our synthetic method gives the desired cornpound.
Both 2H-DATB and 2H-picramide are unknown compounds; a publication of their

synthesis is being prepared. We have also completed the synthesis or acquisition of 50
grarns each of trinitrophloroglocinol, styphnic acid, picric acid, picrarnide, DATB, TATB,
and trinitroberlzene: These compounds have been fom-_ulated and are waiting to be pressed
into parts for shipping and evaluation using single-pulse spectroscopic techniques (with
cooperation from A, Renlund).
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.... ,.... ,, ,......

N% NQ! NQ_

NO2 T NO2 NO;, NO2 N% N%

a_ ND 2 ND,,

Fig. EM-3, ][.k_,utcralcdTA'I'B, DATB, undpicranlide..

ttigh-Pressure Reactivity

,/,Bauer D, Cnhf

Overview

This project was started in F Y90 with the intent of studying tile electronic state of

molecules in shocked fluids, lt is known that highly compressed solids can transition from

a "molecular" phase to an "atomic" phase. This project is intended to discover what

happens when the material is hot, hence lacking any crystalline order. The ultimate go_.tl is

to probe the limits of conventional chemical kinetics caused by the breakdown of the
molecular electronic state.

Progress

We have started two related projects that deal with the electronic structure of atomic

tluids. The first project involves u'ying to determine the thermodynamics of shock-

compressed diatomic fluids, lt is believed that fluids composed of diatomic molecules

undergo dissociation under shLyckconditions. In order to study this hypothesis, we have

considered a model of binary h:u'd-sphcrcs in which one component is inert while the other

component has an electronic degree of freedom associattxl with each sphere. We have

given the inert conaponent vibrational degrees ot" freedom. This is a very simple m(x:tcl tbr

the reaction A 2 _ 2A. However, the diss_x:iation is not o1 diatomic m(_leculc,s_" "' to free

atoms, as it would be in the gaseous stale, but to atoms in a liquid state. The effective

dissociation energy thus becomes lowered as compared lo the gaseous state that results

from the energy difference caused by electronic band tbnnation. Our rn(xtel is a chemical

l)ictth'e in which the total free energy of the systena is the sum of hard-sphere, molecular,

and electronic ten-ns. The condition of chemical equilibrium for dissociation is imposed,
and a dissociation fraction is thus detem_ined. Once the dissociation fraction is ctetermincd,

the thermodynamics of the system can be calculated and compared to I Iugoniot data. lt is

evident that, in order lo perfom'_ this calculation, an understanding of band structure in

liquids is necessary.

We have written a program thai calculates the equilibrium (ti:_s(:m'iationfraction of {_ur

model system, This program uses the mean spherical approximation result f'or the ctensity

of states. We have also written programs to calculate such relevant tt_ermcxtynamics as
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I

P vs. V. We are now trying lo get reasonable estimates for the relevant parameters thai are

used in this program.

Our other project has been exploring the wave functions (or Green's funclions)for

these systems. With models tk_rthe Green's function, experimentally accessible quantities

Such as conductivities can be calculated. We have written programs that generate the

Green's functions for different densities and energies and are performing these calculiltions

now, In order to Understand the range of liquid densities over which this theory is v,qlid,

we have undertaken a t3umerical simulation. To this ctld, we hltve written it hard-sphere

Monte Carlo program that _.,cnerates configurations of particles with liquid:like structure.

The electronic structure is studied through a tight-binding ltatniltonian whose otTdiagonal

matrix elements are Ii function of interparticle distance, They thtls depend on the liquid

,,tructure. Dirtct diagonalization of the ltamiltonians for different configurations allows us

to calculate the density ot" states of lh,' systern as well as the Green's functiotas. We can

then test the analytic theories with the Monte Carlo data,

At vety low densities, lhere is large discrepancy between the density of states

determined by the two methods, This is not unextsected since the theory is for the liquid

start. There is better agreement at higher densities, but rriore work needs to be d(me, We

arc in IIle pr(x:tss of gtllerating the (]reerl's furlctions,

Molecular Kinetics and Transi)ort

A. 1,.Nichols, II1 D. 1".Cah_f

()verview

The ot!iectivc of this projec't is to understand the behavior of molecules under high.-

pressure corlditi(+ms. Since trlol¢cults Ulldergoiilg ii reac'tic,i_are riot spticrical,, we have

bceil stti(lyii+g ilorl--sphcrical ri'i{)tccule.s. 'l'hus far, we have studitd hard-core lit'lear

illl)lc, c:tilt.'.st_(>thas ii st)Ire'ni and ax ;: solute tinderg(iitig b(md stretchilig. ()l,ir g()ill this year

is tc>cxici_d (>ur previous w()rk, ht)lh by using lll()re re',llistic potentials tiild by reduciiig ttlc

iltlil_lbcr t)t sytlillictry rctluireillc, rlts so ihlit we can sltitly m()ltculcs of trite,rest til the.
C.xl_h)sivescoiilrnurlity (e.g., ilitr(Hrlettlaiie arid 'I'A'I'B),

llrllgress

We finished the paper on linear triatomic dipolar tluids, Ina(tditi(m, wt studiecl the

_dvati{m ()t' a litlear triatc>mic (tipcdar m()lccule in a fluid of linear triatornic rrl(Hcculcs Its a

fuilctit)n of t+()ii¢llctlgth.

Amali initial sttidy ()f rn{ilecule,,; with n(irl-hard--ct:w¢rc'.pul:;iciris,we c2(x.lc(larid

iilil_lcil_ciltc(l ii it, st case (>t ii St()cklluiyer tl-lc>lccule, lt is ii spherical l_,cilritlrd--J(illes l){)tciliilil
with a l'_()ini(liln)le citlbeddcd in the core. Wt.:wcrc at)le lo achieve,very high (tcnsitic,s

with()ut tr¢)ublc;. "l'hus, wc, hi.lye be,grin calculati()tls ()ii rc'.alislic tluids, In l);trticulitl +,we

tliive begurl l()(_king at acctt)riitrile,, whic:h has been c(mll_utationally m(idcled its three

[.,eI1rlartJ-,l()lies sphc'.rcsw ii h elcc:lr{).,,,tatic'.in tc.:rat.'l'il)llS, 'l'his S[lCitll(t enable tlS l(l C()111[Tliil't:
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our calculations wilh the Monte Carlo work of Jorgenson [Re[. EM-6I. The resulting

correlation functions from our calculation will be used in our solvation dynamics theory to

be, again, the first realistic fluid modeled, We have seen the expect_ lack of convergence

of our calculation as we increase the density from gas phase through the low-density

metastable region of the phase diagram.

We have also made significant progress in developing a code tMt will deal with even

more realistic fluids (e.g,, those without linear symmetry), We have limited ourselves ai

this time to those systems that have a pl_.'ne of symmetry. This avoids matliematical

complexity, yet allows us to model such fluids.as I--I20, nitrometharie, NH 3, benzene, and

even TATB! There reinain a few details to be worked out and soiile straightfc_rward coding
chores to be done.

Another important pm't of our effort has been in the area of transporl coefficients for

mixtilres of molecular fluids. This is intended to give us a handle on, for example, the

rates'of diffusion in binary, mixed-fluid explosives. We have modified the CI4EQ code to

allow us to extract the reference hard-sphere properties underlying its thennodynamic

calculation. We have also fit the molecular dynamics data for diffusion in hard-sphere

fluids. This, combined with an estimate of an effective mass, should allow us to estimate

diffusion rates.

High-Pressure Reaclion Chemistry
M, F. Foltz

()verview

The first half of FY90 has been productive in running both experinaeilts and a

complemeiltary mcxtet ng effort, gquiprnent was set tip in a new functioning laboratory,

and burn-rate experiments were resumed that successfully duplicated earlier work in a

different laboratory. I Iigher-pressure del'lagration dala than previously obtained wcre

acquired for nitromethane (CIt3NO2), which tlnequivocally cont'irmed lhc burn-rate

turnover with presstire. Attempts to theoretically understand this phenomenon progressed

from one-dinlensional tc)two-dimensioiml nlodcling. The effect on bl.iri>front propagation

as a function of diffcrerlt bulk thermal and cheinical kinetic properties wits studied. A set of

new experiments, dis I erscd streaked c.tlcmilunlinesceilce (I)ISC) of laser-ignited CI I3N()_,

wlis started with prolllising initial restllts. The previous modeling results arc being

colnpared to and refined by tllese new spectral/teint_craturc mcasurcmellts.

Progress

I:;lalne-front propagation rates for CI.I3N() 2 t'or pressures up to 4(),8 (,1 a (greater than
tlm 3().() (]Pit attained for FY89) in the diaillond anvil cell (I)A(.)_ have been illc'astlrc.'(t

These llleasurelllei'llS c(wroboraic lhc ire'mt iitapped oul eatlitr (ii ai1initial iilcri.'asc in btlrll

i'atc fc)llowctt by a decrease with iiwrcasing prcSstirc. The hiltli r;.ilt;'l't)r ilitroillt.'ll_ai_c
, )

appears to maximize around 3().() (ii a (l;ig. liM-,_l). "l'tlis bcllavi_r w{_tlld appear to reflect a
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decrease in chemicalreactivity with an increase in density at×we a nlaximunl threshoM

value. At the same time, the thermal properties (e,g., thermal conductivity) of both the

reactive material and products scale with pressure to act simultaneously with cllcnfical

reactivity in slowing the propagation of tile burn front. This new technique will be used to

examine other energetic materials in an atternpt to better understand reactive-burn

propagation in a confined environment.

i i i -:, HI H.

120 -

E 90-

• @rr
e. F ---t

,_o_60- _, _- L4 +
13

0 I ,,, I , I ...... -- l ....
0 100 200 300 400

Pressure (kbar)

Fig, EM-4, Burn rate as a t'unction ()t"pressure i'or laser-ignited nitromethane in a diamond anvil cell
(DAC), Progressively darker pr(×luctis produceA for pressures up to about 20 GPa, slatting with oily, Clear
product at the lowest pressures, Above 20 GP':,to the maximum pressures studied, clear product is
produced, Some new dam poinls token in the first six months of FY90 and after the new laboratory was set
up are marked with @, The turnover in deflagration rateabove a threshold of 30 GPa is com)Ix)rated by
these new points.

TOPAZCHEM, a version of the finite-element heat-flow code TOPAZ, has been

modi,-'ied by A. Nichols to incorporate tlp to 4() chemical reactions. The choice of a simple

reaction scheme and Arrhenius kinetics coupled with a high ignition temperature results in a

self-propagating flame front. Variation of material (density), bulk ttmrmal (tlaemaal

conductivity, heat capacity), and molecular kinetic (pre-exponential factor, activation

energy, ignition temperature) properties causes the burn to go ft'ore self-extinguishing to

rapid propagation. A 16% decrease in activation energy translates to a difference between

an extinguished reaction and a sustained burn rate of 24 m/s. "Fileobserved variation in

burn rates can thus be shown to be related to tile chemistry of tile reacting material.

Two-dimensional modeling results using TOF'AZCHEM produces propagating burn fronts

using parameter values comparable to those of the one-dimensional model. The 67 m/s

burn front represented by the temperature contour plot of Fig. EM-5 is within the vel_x.'ity

range measured for nitromethane under moderate pressure (---25 GPa, Fig. EM-4). The

example, a 10% increase in activation energy for 10- and 20-1aria-thick samples shows
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_lcct'case iri bum rate for both samples. The greater decrease, however, occurred with tile

lhinner sample, This eft'ect can t)c traced to the thenrml conduc:tivity (_t'tile c{mNning
dinmond anvils, which is orders (_t"rnagilittidc; grt.';llC.'.r ltl;.tn thai (If the r'cac'.ting

nilrOillclllane, The contribution of the hulk lhc,i'nlal properties _>tthe cilv.lrc_lllllC,rit

stiri'oulldirig the energetic iliatciia] is clearly shown to play ali iilicgral part li1 'contr(Hling lhc
rate of rcaciiorl.

O.OO8-,
Con!our I.evels

_A... +...;-_-_ . A. 0.:lot:+0:l
0,007 ' B - 0 ;>0{._03

C -0 I It{+04
D-O.15I +04

i"" ' F . 023!{ +(')4
0-,. fi - 0.27f+04o 0.005

'

0
o. 0 004

x< 0.003
J2_ l_ 'D E1

0 0.001 0,003 0.005 0.007
0,002 0.004 0,006

Radial Position

Fitb EM-5. "l'cmlxTraturc:coritot!rpl(li at time t = ().145ps dial was generated wid_"I'(JI'AZCIIliM
usingsinlploArrhenius paramcl.erstl:)pro(lutea propagatingI_urnfront. Shownis ft[iv quartero1the
radiallysyrnl'notricCII3NO2 anddiarnondproblem, ]'tit; thicknessis,2()lain(radius75 idlll;,cniulaliilg the
cxperirnerltalarranl;emcnt.The zonesizeis onep.lil, the igrliti(mtemperature15()()K, tllc I(igariihincd lhc
fire-exponentialfactor7{2,andtheactivati{menergy2.I,_1()4 K, The thermalc'(mduclivityo1lhc dianl(ui(lis
highenoughto pro(Jute"prc,.-he4.iting"hcforc',diebtlrll trt)ntalld Iisignilicarll rc(hiclioniri pr(_dticl
lcmlx?raturo behindthetront, ThetlOtlc,stpart(li lhc btirn zoneissubsc.qtit_'ilily iii lhc cerllcr (it lhc'saliii)lc'.

The most recent experimental effort tld.isbecll ii'l the temporal arid spectral rosoluii_ln _lt

light emitted during the laser-ignitecl burn of nitromethane in the DAC, The ligt_t cmiitud

from the entire sample cross section is dispersed with a low-resolution spcctrolnctur, it it.,

visible spectrum is imaged on ttlc slits of a streak camera, and the temporally streaked

image is saved ctigitally with Ii.vidicon, l->rcliminary low-pressure data sh(lw no spectral

features identifiable with known/suspected irltcrrrlcdiate (ii"product .species. In this low..

prcsstire regin-ie (< 20 GPa), dark product is pr{_ucc(l, allot the cclrr'c:,;ponding spectral

inl'ormation suggests a convolution of' tcmt)craturc:_, The (Jl.l[_i C{'lllthen be COul)lcd t(._the

iJrilc-dependent temperature contotlrs gerlcr;.lted ill the l)rcvi(lu._ m(_lcling effort with

'IT)P/tZCf-IEM, Spectra! emittance is calc'ul;._tc,d at eat:t1time step using Pl;.lnck's CtttlalJ(ll'l.

A simple mc×.telassumes that: l) _.tll chcmilunlinescenc:e is emitted tr(>m the outerri)clst la,<cr

of" reacting nitromethane and 2) emittance is tiilitv for reacted inalerial (black carb(lilacc{_us

deposit R)r low-pressure ignition) and Near zero f()r stailing rn;.ttcrJal (tJ(4ycrystalliric clear).
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It is expected that the spectral data resulting from laser-ignition oi"CI-I3NO2 under

>20 GPa and producing clear product will be very different than the PreliminaryPressures

data seen at low pressure producing black prc._uct. New data should provide information

concerning the reaction pathway branching seen as a function of pressure.

JJ II I I

r I _ .... I I i ,
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Characterization of Solid-State Microstructures in High
Explosives by Synchrotron X-ray Tomography

W. C. Tao J. li. Kinney A, M. Frank
C. E. Clements

Overview

lt has been suggested that the microsu'uctural discontinuities in energetic materials serve

as sites for local hydrodynamic heating and result in the formation of "hot spots"; it has

also been suggested that the rates of coalescence, dissipation, and propagation of these

thermal sites are the prim:try factors detemfining the initiation sensiti,,ity of condensed

energetic fommlations. The objectives of this research are (1) to characterize non-

destructively the type and distribution of microstructural defects in high-explosive single

crystals and composite fommlation and (2) to examine their respective influences on hot-

spot generation and propagation.

Progress

We have successfully applied non-invasive techniques to characterizing the detailed

microstructures in HMX single crystals, tna composite formulation consisting of fuel

(RDX, NG/TA), oxidizer (NANO3), and in metallic additives (alunlinuni) using a

conventional x-ray source coupled with the analytical software and data acquisition

hardware developed for 3D microiomography (10-!Ltm spatial resolution). No

microstructural features were observed in the HMX single crystal with tomography, which

leads us to conclude that no dcCects larger than 10 him were present. Higher spalial

resolution can be achieved in future studies by using either synchrotron radialion or the

new nlicrofocus x-ray source with appropriate x-ray filters to remove unwanted radiation.

The composite fonnulation examined was supposedly nonporous with 5-_.lm altlminum

dispersed evenly throughout the matrix. From our tomography study, we found the

aluminum to be inhomogeneously dispersed in clusters approximately 5(1him in size.

Some porosity, nominally 5%, was also observed. To furttler test our experimental

capability, wedesigned a phantom malrix using the x-ray absorption coefficients tkw I.IMX,

with a complex integration of defecl structures (pores, alumiilum, orthogonal lllicrcvr_.lcks,

density gradients), and sub.looted this ph;.irlloill for 3I) tomography analysis, l.Jsing _.lwell

characlorized synchrotron bcain prot]le and the radiometric dcco!lvolulion techiliquc's of (;)tit

analytic_ll ;.,oftware , we were able to reproduce the linage of the phailioln with Iniilinlal lt_ss
in structural resoluiioll.

The next research phase involves sltidyirlg the corrclalioil between illicrclslruclu!';tl

defects and hol-spoi formation. The cxperiineilial incihod cmphlycd iii this l)hasc of lilt_'
researchinvolvesullrafast microphot(_graphy. Coral)led wilh both streak and frame

c;.tl-rier:.ls,i.iltr;.lf;.lSlrnicr(>phoiography allows u.',:,Io examine a single crystal tilldcr she>ck

loading with spatial and leillporal rc.soluticms of 1 t.iin and 1 ns, rcspcclively. {lsillg lhc
laser micropholograptly facilily in c{_lperation with ii. l:'raplk from li Division, we have

been able it) (ibscrvc lhc'.passage of a sh(_:k wave, gcilcralt.'d b_, _inlicroslaplwr aigaiilsi the
,,
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surface of the crystal, through .the dci'ect mapped region. The optical emission from the

collapse of tile voids within the deR_,ct region as ttae stress wave I:_'asscs''''is measured under

cross polarization. These restllts are to be presented in the SPIE Conference ai San l)iego

in July 1990,.

New Api)roaches to tiE-Initiation Chemistry

C. Stevens ,I. Stephens

Overview

We are exploring a new approach to the understanding of the initial reaction Steps in the

Shock-induced chemistry of condensedTphase explosive molecules, The need to obtain a

clear understanding of the first chemical events, let alone a step-by-step description of the

pathto detonation, has presented a particularly difficult challerlge and has largely resisted

penetration. New approac!aes using sub-picosecond lasers for initiation and interrogation

have been proposed and implemented. However, spectral congestion and general opacity

problems due to low concentrations of intermediate species htive ali combined to limit the _

quality of the infomlation obtained or obtainable;

In order to circumvent the problems associated with monitoring chemical pathways

inside condensed media, we tire exploring an approach that allows us to diagnose the

chemistry by vapor-.phase mass spectrometry and, simultaneously, to exercise conirol of

shock-wave amplitude and adjust time-of-reaction frorri sub-picosecond to nficroseconds.

Progress

The general approach involves a suitable substrate (capable of propagating high-

intensity shock waves) that is located in a high-vacuum chamber. The substrate is cooled

to cryogenic temperatures (1(.) to 20 K) and coated with a condensed layer of a rare gas.

This is followed by a molecular-beam-deposited layer of explosive molecules. This layer

will vary from sub-monolayer thickness to many layers. The explosive layer is then

followed by an additional layer of rare gas, The shock wave passes through the substrate

and initial rare-gas layer into the HE layer, compressi|lg the explosives. After the shock

wave has passed through the second rare-gas layer to the vacuum iriterface, the resulting

rarefaction wave vap<wizes the rare gas and explosives into the vacuum and (ultimately)into

tt mass spectrometer. The thickness of the outer rare-gas layer thus detemaines the amount

of time the explosives are kept v nder pressure.

We investigated several potential technologies for producing short-duration stress

pulses including lasers, electric or foil explosion guns, and iTittgrietic foil accelerators. We

have chosen to adapt an existing magnetic foil accelerator to meet our requirements, lt is

necessary to achieve 10-GPa in the explosive layer in order to ensure that substantial

chemistry occurs. In order to calculate the presstires achievable in various materials, we

have developed a software package t_)r the Macintosh computer utilizing Hugoniot data to

propagate shock waves through material composites.
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A significant problem bccarne obvious emly on in tile propagation analysi:': Elastic

precursor waves traw:ling faster than tile main sh(:x:k wave compress and release the 111!

layers before the desired "mlplitude wave arrives at the surface. For high-intensity shcv,.'k

experiments, this has forced the consideration of substrates having either very high elas{!c

limits (>10 GPa) or very low elastic limits such that the desired shock waves in the I()-GPa

range override them. Finally, we are constrained to consider ma'_erials that have a

reasonable shock-impedance match with the condensed rare-gas/l lE/rra'e-gas composite to

provide go(x.t shock transmission. Suitable materials meeting these constraints are alkali

halide salts for high elastic precursor amplitudes and tough plastics such as polycarbonates

for easily overridden precursors. The optimunl alkali halide substrates are KCI alJd KBr,

with shock transmission into condensed argon calculated to be 82% and 71%, respectively.

We have Conducted some preliminary experiments using the existing magnetic

accelerator to drive copper flyer plates onto KBr and l×)lycarNmate substrates. Our interest

here is in the spall properties of these materials. As expected, the KBr disintegrated into

small particles at shock pressures near 5 GPa, whereas polycarbonate resisted spall at these

pressures. The KBr t'ragments caxvied little of the forward momentum from the shock and

were captured by a thin paper tissue. A collimated metal llole structure Should allow the

passage of molecular species while capturi!lg most of the substrate ctebl is. The ultimate

Spall limit for polycarbonate will be ascertained with a modified magnetic accelerator.

Another series ot' experiments has examined the limits of magnetic field acceleration ot

thin copper foils. By cooling the copper flyer to cryogenic temperatures, we improve

conductivity by more than two orders of magnitude. The heat CaPacity also drops, but by a

illtlch smaller factor than does the resistivity, which results ill a net improvenlent in current-

canying capacity of a factor of 50. The limit then becomes the ability of the foil to Inaintain

flatness while under magnetic field compression during flight.

Some amount of time was spent in the development of a Moire fringe vel(vimeter to

provide a simple, portable velocity-measuring device to five us from the complex and

troublesome existing VISAR system. Electrical noise contamination hats so far prevented

good measurement of flyer velocities. However, higher (but unknown) Velcvity

acceleration experiments were conducted in the 1 km/s to 1.5 km/s range by decreasing the

copper flyer width by a factor of 2, thereby increasing the magnetic field strength by as

much as 4. The thicker flyer foil (same cross-sectional area) was slightly crumpled but did

maintain reasonable flatness. For generation of precisely planar shcm'ks, we may need

tougher metal flyer foils. With operation at cryogenic tenll)er,'tture, ttlo conductivities of a

number of tough metals are sufficiently high for this purpose.

Experiments using an indirect-drive copper flyer will allow repetitive shocks t,sing the

same flyer. This caaability will enable us toperform a large number of preliminary

experiments without opening the vacuum system to replace the flyer. Several designs are

being tested to determine which is the most durable.
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TRITIUM

P. C. Souers G, 14I, Collins ,I. L. Maienscheitz
E. R. Mapoles

Nuclear Spin Polarization

Deuteron Magnetic Resonance

The deuteron's longitudinal relaxation time,TiD, in solid D-T(actually 25% I)2-5(}%

DT-25% T 2) was measured at nuclear magnetic resonance (NMR) frequencies of 5.8 to 7,(}

MHz. The data are shown for a sample at 5 K in Fig. T-1 as a t'urlction of the percent ot'

J=l I) 2 and compared with D in HD data taken by Mano and Honig lRcf. T-I l. There is a

large discrepancy, which indicates the presence of zt new mechanism lowering the
relaxation time of the deuteron.

.....10,000

E ,, X
i= 1,000
,... Deuteron in

.o.,..,,,,,  nig)

100
rr'
,.. Our Measured

D in D-T -_..._ __o 10o

z_ D_DDD D []DD
I , ", • v ,,,w I ' ' '_ • *'''1 , !" • , ,vv,

,01 ,1 1 10

% J=l D2

I:ig.T--l. lxmgitudinal nuclear rclaxati{mtinlc I{}rthe dcutcr{miii solid l}-'l' at 5 K {stluarcs}allotinllll)
at 1,4K (line)at NMR frequencies{}l .-4_NIII/.. 'l'tlc lx_,'{_'_cts{}1i.l;.lla'arc t'x[_t'clt.'{l I{} {},,'crlicc;lch{}IIR'I. bill

a new nwctmnisnlhasappearediri thecase{}l LIR!I)-T, lt is thou,u.htI{}bc lhc inlcracticm{_lclcclrR'I i,.'hl
gradic'rlt.scrczlR'dby the tritiutl_radi{mctivitywith ttw dt'tllcr{._ll'Sclcclric quadrul,}lc Ill{)lllt.'lll,

"l'hc c{mvcillional cause {_t"lluclcar rclaxati{_iI irl soli{l hydrt_gcn is the electric

quadrup{qc (t'_(.,)Q)mcchnnis_n. 'l'his is a sh{wt circuit {}f"nuclear l]l',/gnclic ci_crgy l}lr{}tl_h

the m{_lccular r{}tati{m, l:{}rI) in I).'1', v,'c v,'{mhl have expected lhc I{()Q rclatitm:

211)I'1 + 5lJ={)I)-,I + 2lJ--:--I 1)4]

'l'l I} =: 2[.I£=I I)_ I " '1'11 liq. {'1 I)
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where the quantities irabrackets are inel fractions and TIl is an inherent relaxation time.
Also, J is ttie molecular rotational quantuna number, tkluation (T-l) works for both

protons and tritons in HD and D-T. By waiting for the J= 1 I) 2 to be catalyzed away to

about 0,1%, Eq. (T-I) would predict a '1"lD of 20 to 30 s. Instead, we obtain about 2 s at
the lowest J=l concentrations, Thus, Ecl, (T-1) fails for the deuteron in solid D.-T,

The likely new mechanism is the interaction of the first derivative of an electric field
with the nuclear quadrupole moment of the deuteron. The electric field is probably caused
by defects created by the tritium radioactivity, This interaction is strong enough lo widen
the deuteron's NMR halfwidth from 1()0 to 10(X)IIz. Using a (distance) 3 depen¢tencc,
one can estimate an electric field gradient of tip to 109 V/in across the deuteron, A rnixttire
of field gradient strengths results iraa single deuteron resonance with no separate peaks,

'This unexpected new source of relaxation is unfortunate for nuclear spin relaxation, for
which long nucilear relaxation times are required. We had ear:!icrexpected a long deuteron
time because of the small magnetic mon_ent of tlm nucleus; however, this mechanism is

electrical in nature. Our theoretician at Washington University predicts that T i I) will be
proportional to tile square of the NMR frequency. We plan to rerun with a
stlperconducting magnet to check this prediction. It"true, we could be tk_rcedto do the

polarization at a magnetic field higher than the 3.35-'I" field previously planned.

()ptical View of Thermal Spiking

We have previously described the themml spike found irasolid D-T and T2 below about
3 K. We know from electron-spin resonance that hundreds to a thousand parts per million
of hydrogen atoms are created by the tritium radioactivity. Something (e.g., a sudden
small temperature rise) causes the atoms to recombine cooperatively in a spectacular event
that causes the cryostat cell to rise 5 K iratemperature. The atoms have vanished as a
result.

We have now seen visual optical evidence of the atomic recombination, as shown forli
solid D-T sample at 2.4 K in Fig. T-2. The millisecond speed of the event is apparent,
The D-T was on the walls of a transparent, hollow sapphire ball. The sample was given at
least ten minutes to build up a high atom density. The cell was then pulsed with an
electrically driven heat pulse to start the thermal spike. A photodiode with filters was used
to detect the light. The sample in Fig. T-2 showed <1()% of the light intensity below

71() nrn and 5()% above 780 nra. An obvious rubypeak at 694 nm caught our attention
early on but turns out to be of' little importance in the final analysis. The cause of the
fluorescence is unknown, but we may speculate that it i.,,related to the known "F-center"
resonance in solid hydrogen at about 1g()0 nm [Rel'.%21. We estimate that --4).1% of the
total recombination energy is appearing in the emittex.llight,

The sample cell was also studied at higher temperatures. The light intensity drops I_ya

factor of-l()0 as we heat from 2.4 to 4.0 K. The period of the light spike increases by' the
same amount so that the area under the light output curve is constant. The atom density is
known to be several hundred ppm in ttiis temperature range. At 7 K, the light intensity
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, h, ,

dramatically drops and botton'As tit a low value of about 1() K, This corresponds to tile

decrease iri atorn conccr_tration seen in electron-spir_ resor_ance.

25..

i

O- i i i
0 0,005 0,01 0,015 0,02

Time (s)

Fig, T-2. Intensity of light emitted from solid I)-T at 2,4 K as a result or atomic recombination. I",,lorc
than half the light is in the infrared at wavelengths longer than 780 nra,

We also noted that the them'ml spikes physically rnoved the D-T sarnple around the

inside of the sapphire cell. This provide,,; the exciting possibility of a low-ternperature way

to urkiformly layer solid D-T on the inside of a laser fusion target, This technique, called

"beta layering" by the target makers, has previously only worked for the solid just below
the triple l:x)int.

'l'ritium in Mercury

As a part c)f the ongoir_g erlviror_rnental activities, we measured the tritium in 6(X) kg

(25 years' worth) of rnercury used in Sprengel purnps in the M.,NI., tritiutn facility, "l'he

slag and the remaining filtered mercury were counted following dissolution into nitric acid,

A second rnethod of redissolving the t.ritiurrl into glycol was also used as tt check, The

t'iltercd rnercury was found to possess a low activity of 2 to 16 _tCi/kg, which confirrr_s that

Itydrogen is not very soluble in rnercury, The residue was rnuch higher at 0,2 to 5 Ci/kg,

lt was cornposed of about 1/3 mercurous oxide and 2/3 elernental mercuty.
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Search for Cold Fusion*

We reproduced lhe Frascali exporinlents, whic,h topoi'led bursts of neulrons from

tcnlperature-cyc.lcd palladium and titani'urn wil.h a deuterium overpressure, We. ran III)ail(I

I)-'I-' as well as D 2, til) to 5()alrnosplleres, with teml)eralure cycling bel.weerl room

lempcral tire aild 77 K. Pilot U scintillation counters in coincidoilce were used, al(ing wilh _l
I.,eCrc. v digital oscilloscope capable ot'_ 5 l.ts/challnel. AFter much redesign otlr

CCltiiplrlent could dclect bursts oi'up to 1()()gs with 50 or more l'letltl'OllS, Many t'alsc

"llcuirorl" sigrlllls v,,,crc seen, t"rorn liquid nitr()gcrl spilled ori one courltcr to tiilCXl_Cclc(l

tzc)stoic-ray bursts coining froln lead bricks used early in lhc work, Many types ot" nlctal .

sainplc.'swc're tised, arid ihcy were cycled in every coilceivable way,
As lhc result of 1500 hours of obsotvatiorl, rio cold-ftisiori rlculrollS were secil, t.'iil_cr

iri I_ur:,l,,.;til the iiirio of leirlporaltirc cycling or in sle_xly ,'.;talc, The c.orllplcle sltidy ha,,.;bcc.ii

ac,copied for l-)ublicatiOll iri 'l'lte tqtv,vicallt'ericH,,
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H1 G H- TR ANSITI O N-TEM PER ATURE
SUPER CONDUCTIVITY'

M. Fluss (Thru,YrArea Leader)

Overview

The LLNL effort in high-temperature superconductivity is focused on fundamental
questions concerning:

• The nature of the nigh-transition-temperature (high-T c) superconducting materials.
• The synthesis and charactefiz_ttion of high-quality single crystals, and experimental

and theoretical studies of their elecu'onic structure.

• The role of magnetism, phonons, and plasmons,
This year, we ilave "addedefforts more closely related to the application (technology) of

high-T c materials that have developed from our fundamental research. Accomplishnlents
for this period are highlighted by:

• Incorporation of advanced crystal-growing and synthesis capabilities,
• Our successful entry into studies of core-exmtations with x-ray photoelectron

spectroscopy (XPS) at LLNL, with conduction electron studies with photoemission
spectroscopy (PES) at the Wi_onsin ALADDIN synchrotron,

• Development of a theory linking positron lifetime results to electron properties of

high-T c superconductors, which may lead to precise measurements of the
temperature dependence of the superconducting gap,

• Continued progress in developing processing technologies that may lead to useful
electronic device applications.

The thrust h_L,_contributed, toward growth and improvement in the materials ,science
capabilities at I.,LNL,. Our low-temperature-physics laboratory is used by alloy and laser
programs at LLNL, and the new x-ray diffraction facilities and ion-beam (RBS) end station

will also contribute to the benefit of more programs than just the high-T c area. The laser
ablation facility, in addition to providing high-quality thin-film samples of high-T c
materials, is also being used to engineer substrates for the physical imaging of DNA and
other organic molecules. Our increasing capabilities in photoelectron spectroscopy using
synchrotron light is a direct consequence of the initiative generated from the needs of our

electron-structure studies of the high-Tc materials.
The program has assisted in attracting new career scientists in synchrotron radiation,

surface science, and solid-state chemistry. Six graduate students are currently working
towards their degrees under the auspices of this effort; two others have obtained their
doctorates. Six post-docs have worked, or are now working, under this program; one of

them has become a permanent career hire at LLNl.,, and one has taken a career position at

*Supported also by Departmental Institutional Research and Development.
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ORNL. Additionally, we continue to utiUze this project to further university, sister lab, and
industrial collabor,mc ns.

Materials Synthesis and Transport Properties
J,Z, Liu* R, Shelton* B, Olsen

Objectives

Our major objectives are to produce high-quality single crysttds and films of

technologically and experimentally interesting variants of the high-T c materials. Both of
these objectives have been realized, although our thin-film equipment is currently
undergoing major improvements and is expected to be back on-line in em'ly May of 1990.

Accom pllsh ments
b

Our most noteworthy accomplishment during the past six months has been the
development of the ability to remove twin defects ',:y uniaxial compression applied to the

high-temperature superconductor YBa2Cu307, in which twins are formed when samples
are cooled from high temperatures to room temperature. A before-and-',ffter example,

accomplished on a high-quality YBa2Cu307 crystal, is shown in Fig. HT-1. The twins are
visualized through the use of polm'ized light and are clearly seen to be removed in the
process develop_ by us. This capability of removing twin defects is a key to further

studies of the physics and chemistry of this compound.
Our YBa2Cu307 single crystals have smooth, highly reflective surfaces and -timensions

as large as 4.0×4.0×0.1 mm 3, although the one shown in Fig. HT-1 is 1.5×1.5×0.1 mm 3.

Magnetization measurements indicate a transition temperature of 93 K with a transition
width <1 K, representing a very high-quality sample. The Meissner effect and magnetic
critical current density were measured on the same crystals before and after the detwinning.

Future work will include Pr-doped, oxygen-doped, and Br-doped vaciants of these

crystals on which known effects from v,'u'iafionsin the magnetic monlent and charge,
respectively, will be studied. In addition, a new study has been initiated with S. Moss,
University of Houston, in which high-resolution x-ray studies will be perfomaed on these
materials above and below the critical temperature to search for structural and dynamical

changes in the atomic configuration that may be associated with the high-T c mechanism.

Electronic Structure Studies

The electronic structure of the high-T c superconductors that physically is responsible
for superconductivity (e,g,, the doped carrier hole states) is still not understood.
Experiments madtheory aimed at obtaining an understanding of the electronic sm_cture

properties of the n-type and p-type high-Tc materials are the objectives of this activity.

*University of California--Davis.
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Experimentnlly, we use positron unnlhilntion, XI S, nnd photoenlisslon, Our theoreticnl

studies m'e exploring possibilities related to tile existence of the unusua.tl qunsi-pnrticles

"anyons" and the theoretic,ii integrntion of the contlicting properties of lcx::nlization

(molecular charncter) mid itinermlcy (metallic chm'actei'), both of which m'e exhibited in
these materials.

(I) )

Fig, tiT- 1, (al YI:+,a2Cu:K)7-xt,,_,'innecIsiILt',leurystal, (hl Yl_,a2(?u3()7 x altor uniax ial c(mlprcsst{m
sh()wing c(mlplctc absence of twinned i)hmc._;.(ltir results sh(_w that, at I()w tCml)crature, the twin
b(mntlaries arc not the l)rilnary pinning centers rcslX_lsitde I(_r tile high critical current density ()hserw._(li_l
the copl×,.r..()xygcn plane, t(>rthill-I'ilm c()ll[igurali(>ns ¢)l this nlalt.'rial, l[owcver, additional work carried out
in c()llat_()ration with ANl. oil the Inagnclizati(m hysteresis ()1 tile sanlc crystal in the twinned and
utltwiIInL'd SU.ticsreveals thal pinning due t() twinllillg phtnes ctmtril+utus a sut+stanlial, anis()tropic Iracti(m
o1 the ()hscrvcd critical currents, Re.tllc)val ()1tile Iv,'ill I)htnes nl,,vays rcsultx in the rt'(ltJcli()n td the
ilmgrtctixati()n hysteresis; i.e., the. twirl I+lallcs arc ac'live piiinill t, t'Clltc'r,',; ;.tll(ln(>tI)ath,_of easy llux nl()ti()ll,
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Core and Valence Band XPS and UPSSpectra of, YBa2Cu307. x
C, Cohnenares ' J, Z, Liu I', A, Sterne
C, Evans R, L, Smith

Objectives

We have undertaken a study of the chemistry of tile near-surface region of high-T c

superconductors because of its importance to many physical probe techniques and its

technological applications in electronics and high-frequency devices, Our short-terna

objective is to determine whether or not YBa2Cu307_x(l-2-3) materials lose oxygen under

vacuum at 300 K, particularly with exposure to a photon flux, because recent work by

Fowler et al, [Ref. HT-II has shown thai good quality single crystals cleaved in ultrahigh

vacuum (UHV) at 3(U K do not lose oxygen, This is in marked contradiction to a rather

large number of published papers, which purport that it is necessary tO cool 1-2-3

specimens to 20 K to avoid oxygen loss,

We also want to detemaine the effect that oxygen stoichiometry has on the core and

valence band spectra of YBa2Cu3OT. x and other superconductive materials. In the longer

term, we will study the reaction of 02, CO2; and H20 with YBa2Cu307. x as a function of

exposure to better chm'acterize the effect of air exposure on clean surfaces and its impacl on

technological applications. We will use x-ray and ultraviolet photoelectron spectroscopies

(XPS and UPS, respectively) and high-resolution electron energy loss spectroscopy

(HREELS) to carry out these measurements.

Accomplishments

Small (2x2 rnrn 2) single crystals of YBa2Cu306,7 and YBa2Cu306,t_, with sharp

superconducting transitions from 80 to 92 K (DT from 1 K to 15 K) were studied using

XPS with Mg Ka (1253.6 eV) radiation, and UPS with tte I (21.2 uV) and lie II (4(),8 eV)

radiations [Fig. HT-2I. The crystals were cleaved at 3(X)K in UtlV of _ 1× 1() 1(Itorr to

produce clean surfaces, but air-cleaved surfaces were also used to study the effect of air

contamination, The oxygen partial pressure in the vacuum chamber was monitcn'ed with a

residual-gas analyzer (RGA), which was operated at very high sensitivity to detect possible

oxygen loss of cleaved samples. We did not detect any measurable oxygen loss when

cleaving 1-2-3 single cryslals under UItV at 3(10 K orduring prolonged storage (1 to 2

weeks) under these conditicms. The partial pressure of oxygen measured with the RGA

was _3× 1013 IOITat a total pressure of 1×1() I()torr tbr vacuum-cleaved crystals; we t't.'cl

this is part of the residual gases that ccmtribute to the base pressure of the system. Y, l_a,

Cu, and O with traces of C were the only elements detected. The core levels for these

elements, obtained by XPS, agree with those of Fowler ct al. IRcf. I1"I'-I]. In IYICaSUl'¢lll¢lllS

taken in --.1 botlr, no change was measurable in the above c{wc levels, l lmvcvcr, x-ray

cxpc)surcs longer than three hours resulted in complcle reduclion of Cu +2 to CtJ+(Ctl2()) or

Cu metal; ii is also possible that the "green phase" {_torthorhon_bic Y21:_aCtlO5 may lmvc
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g 10[ , , , , , 1/_\, , "MgK,,(1253.6eV) Radiaiion /" I \Cu2p.,_(Cu'":

'E= 8s] V,_,,u,'r,c_,ved ,,..," IX ' '
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Binding Energy(eV)

Fig. [tT-2 'l'hc ('u 2P3/2level for vacuum- and air-cleaved single crystals of YBa2Cu30(_.__.

hccn formed lP,of. tlT-21. This ,.,,,iiibe pursued further. There was no change on the Y and

l_,aspectra. Crystals cleaved under clltr;lhigl'_vacuu_n conditions have a relatively broad

Cu 2p3/2 ((..)33.5 uV) core peak and ;i satellite on the high-binding-energy side whose area is

-0.46 of the rn',lin peak (lqg. 11:I'-2),which ',tgIecs with tile (.l;.tlaof Fov,,,lcr et al. This

sp,,.:clrui_lis prac'tic;dly idcntieal to thai of a san_plc of Cue. For crystals cleaved in air, the

Cu 2P3/2 peak is na,'rower anti shifts to a lower birldi.ng energy (932.5 eV), as shown in

t:ig. tl'I'-3, which indicates a change in oxidation state. From these data and the x-ray-

generated Atlger peak at _335 eV (L3VV trai_sitic;n), we have cormluded that this peak

consists of Cue and Cu20 or Cu metal. The O 1s level of the vacuum-cleaved

superconductor shown in Fig. I IT-3 is clearly at 528 eV, in agreement with Fowler's data.

Expo,,;ure of :he sample to air guts rid of this peak, and a very, broad peak appears that can

be deconvoluted into four colnponents. These probably correspond to Y, Ba, and Cu

oxides, t)ydroxides, and carbonates.

101"' . I ' 1 I 'YBal_Cu.,'o6./
k" Mg .R,,_.(1253.6eV) O ls T e = 93K' ]
r" 8 L T= 7K

6

41- I YBa,Ou,O,, -t
"_:_' I ,._" -'_ I (not characterized, 1

"_ 0 [''-" ' 1 , I 1 [" A r - -A "-I

538 534 530 '526 522 518

Binding Energy (eV)

Fig. ttT-3. The O ls level for vacutml- and air-clcavc(l single crystals of YBa2Cu30(_.9.

Fulure Mileslones

We will perR_rm the final XPS and UPS rneastlrements on the core levels and valence
g 'band spectra of Ba2(.u30.7_ × during the rest of I::V9(). \Ve will need larger crystals than
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the ones used so far to inaprcwe the signal-tornoise ratio of our measurements, A

theoretical effort to [_rmally model _.hese core-state measurements hasbeen undertaken by

P, Stertw in the theory group. We will also initiate experiments in wliich clean surfaces arc

exposed to 02 . In FY91, we plan to expose clean surfaces to CO 2 and It20 and to initiate

the I IRtT.ELS studies to assess completely tlm effect of exiTx_sing clean surfaces to air.

Fermi Surfaceand Valence Band Mapping in YBa2Cu307

,I.G. 7'ohin ,I. Z. Liu* F. Solal
**

C. (.;. Olsen J. O'Brien R, Ilowell
P. Sterne M. .I, Fluss

Objeclives

Pt_,:m_electron spectroscopy provides two major avenues of investigating taigh-T c

superconcltlctors (HTSC)' (1) higher-energy chemical measurements with XPS and (2)

electronic-structure detennination at lower energies. To complement the in-house effort
1 '

using XPS and UPS, a syl_chrotron-radiation-based, ultrahigh-resolution band-mapping

and gap-measurement program has been stmaed, Angle-resolved photoelectron

spectroscopy has historically been used to map the valence elecmmic structure of single-

crystal metal and semiconductor samples, both in terms of the three-dimensi0nal structure

and of the two-dimensional structure of layered materials, surfaces, and ultrathin filn_s of
adsorbates. These measurements are made within the one-electron mc, tel. For

superconductors, the situation is complicated by ttle underlying collective nature of

superconductivity, lt should be noted that it remains zt point of serious debate whether the

one-electron model, which is the traditional framework of photoemission band mapping,

has any validity, for HTSC materials ira which collective elec{ron effects are obviously of

tremendous importance. Despite this formalistic issue, it has been shown by Olson ct al,

[Ref. H'F-31that it is possible to use high-resolution, synchrotron-b_sed, angle-resolved

photoelectron spectroscopy to observe the presence of a superconductor gap in

Bi2Sr2CaCu20 8. Additionally, Fermi surfaces (bands crossing the Fermi energy) can

actually be mapped within the Brillouin zone, within the one-electron picture. These

measurements provide a powerful and stringent test of state-of-the-an theoretical

calculations. Empirically, it can be said that the momentum-resolving measurements of the
' r _superconducting gap in B12S' 2CaCu208 by Olsoi._ et al. [Rcf, HT-3) clearly indicate the

usefuhaess of such measurements. Moreover, even if the one-electron picture fails, it is
important to compare our experimental data with the theoretical results of electronic-

structure calculations in order to ascertain which states me involved in superconducting and

which remain essentially normal. For example, in YBa2Cu307.d, the question remains

*University of California-Davis.

**Ames Laboratory.
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wt!ether it is the one-dimensional "chain" or the two-dimensional "plane" state that is

involved in superconducting. With such issues in mind, we have begun a band-mapping
-_ (-

and gap-measurement program of HTSC materials, starting with untwinned YBa2(,u 3 )7.
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Accomplishments

A high-resolution photoemission study of YBa2Cu306. 9 has been carried out, in
collaboration with C, G, Olson of Ames Laboratory. We have obtained untwinned single

crystals of YBa2Cu306. 9 from J. Z. Liu and performed high-resolution (30 MeV, 2°)
photoemission e,xperiments with C. Olson at the University of Wisconsin Synchrotron

Radiation Cenmr. We have mapped the valence bands of YBa2Cu306. 9 along the high-
symmetry directions such ,'.tsG-X, G-Y and G-S, including measurenlents of the

polarization dependences of the cross sections. (Because YBa2Cu306. 9 is a layered
material, it can be thought of as a two-dimensional structure.) Our:most promising data at
present are from around the Y point of the two-dimensional Brillouin zone. As can be seen

in Fig. HT-4, two peaks are near the Fermi energy; one does not disperse, but the other
moves from a deeper binding energy and crosses the Fermi surface as the exit angle and

parallel momentum are changed.

Future Milestones

Further experiment,'d work and analysis arc in progress, Some possibilities include

pursuing the effects of temperature v'triations, oxygen-concentrntion changes, and doping
with Pr, which seems to cause magnetic quenching of the superconductivity, thus allowing
us to turn the high-T c state on and off as an experimental variable, The present
observations are cluite preliminary but represent a new capability for LI.,NI.. Future
experiments are planned for Wisconsin and SSRL (Stanford Synchrotron Radiation

Laboratory) using a range of high-quality single crystals and incorporating in situ XPS
capabilities to monitor changes in surface chemistry or composition,

eora I_

_ _-_4:,/.r-_-_ _,
L.
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Fig, I IT-4. PhotoC'lllission Sl)C'clrulll til Y l:t;.12(?u3()f_.!j, showin<l,_ a pOtClllial l,'c'rlili-stlrfLlcC c'rossillg,
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Positron Studies

R. llowell !'. Slertie I". ,S'olcd
M.d, Fluss R. We,v/* ,I,Kui.v_'r*
,I,Z, Liu* * K. Kitazawat

()bjeclives

We have measured, and nrc continuing to meals{ire, the real-space momentum density

for the electronic structure iri suf_erconducting oxides using the technique of positroll-

anni'hilation itngtllar correlation. Experimeills have been undertaken in superc(mductors

and related oxides with the goal of correlating tllese restllts with calculations of the

electronic structure arid other measurements such _ls photoemission. In the past, we have

used a rrloleculttr model to g_iirl underst_mding ttlL×mtthe positron results :,a major concern is

the ri;.lture of the positron wave ftinctioil. Because this is arl _all-electron technique, similar

to thai of Compton scattering, many details of the behavior of the bonding electrons have

been determined. This yem', we nrc perfonning high-precision meastlrements orl samples

ot'ulltwinlled YBa2Cu30 7 nnd I,al.145Sr().15Ct1204. The l,_,ll.85Sro.15Ct1204 samples were
obtained as part of a collaboration witt_ K. Kitazau,,a. To achieve these trlilesiones, wt and

our Collaborators at the University of Texas have separately corrlpleled upgrades on our

ext_ciii_leni;il apparatus. We are currently starting our measurements. Our YBa2Cu30 7 _tm:t
the I,al.8,iSr() ' 15Cu204 measurements are nearly complete.

A second long-term goal is to explore the source of deviations in the eleclron-positron

overlap introduced by the stiperconducting transition by measuring iko positron lifetimes as

a function of temperature. Milestones in this program irlclude the measurernent of new

supercondticting colnpounds including the n-type materials arid p-type materials m(×tified

by substiii.llion. The work on positron annihilation, in collaboration with ,I. Kai,w'.r ',lt

UTA, has now reached n stage where we have a fair degree of confidence in the results ti:_r

the positrorl-lifetirrie calculations, This has been achieved by calculating bulk lifetimes for a

large ni,: nber of elemental metals mid particle defects. Appl ication to the Bal..xKx BiO 3

system initi_illy lo,eked unfavorable, since the calculated lifetimes were considerably lower

ttmn the measured lifetimes, lt now appe_trs, however, that the experiments were seeing
the lifetime of trapping states, not the bulk lifetime. Ca lculntioris of vacancies on the metal

and oxygeri sites ali lead to increases in the calculated lifetimes, supporting lhis picture.

Accomplishments

In the data taken for electron-momentum density to this time, there has been no clear

identification of a Fernli surf_ice in the momentum distribi.itions rneasurexJ by positron

annihilatiorl ttlat have been taken here ai LLNL and confim'led by the Geneva group,

Fe_ltures typical of a Fenn{ surface h_lve been reported in electron-energy measureinents of

*University of Texas.

**University of California-Davis.

i'University of Tokyo.
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'Y'IT,n2Cu?,O7 and Bl2Sr2(,a(.u 2 ) 8 by phlotocnaissior,l and also observed in our own

t,lletlstlrc,rnc,l,lts. "l'he wlextgonl for the rnomentum-dc,nsity i_acastircineei,lts is to r'cconcilc

these mcasurerriei,lts ai,ld identify the physical significmace oF tlm rrlomerltum bi'oadcning in

the molnentun_-spacc mc,astirc,inents. Ttlc possibility t'or'a reconstnic'tion oF the 3D surf nec,

remains open.

We have mettstircd temperature deperiderlce of the lu_sitrorl lifctirne iri F',al.xKxBi()3,

• ..-, -t . iii ,.:. 7 .Nd-, xCexCtlO4,1, and Y I xI rxBa"( tl307 materials tirid comparc,d the results with

calc'ulatiot'lsiri the litlear rriuffita-tin orbital (I.,MTO)tbrrrittli,,;rn, These tneasttrerlacrlts arid

calculations may hlclp us to relate the chlanges in positron lit'etimc tc) tlm condition of the

sut_erccmducting, oxide and possib}y, to the superconducting rrlechaI,llsrrl, Such results may
also serve as tests of the nature of' the shielding of the positron, the positroI,l's wave

function, and the nature of the pniring mechanisrn that leads to the boson state,

A new almlytical descriptiorl of the effect oF BCS pairing on temperature dependence of

the positron lifetime has been developed by Kresii,l [Rcf. tlT..4I. This theory is basc,d on

screerling effects origil,lally proposed for real-space pairing by Chakraborty IP,or. !1%51. As

a consequence of Krcslra s work, we should be able to deduce (from precision

measurenaents of the temperature depel,ldenc, e of the positron lifetime below Tc) the

tcmt._crnturc, dependence of tile stiperconductor gap,

Fulure Mileslones

The nngular-corrc,latioia illc;.lstiren'lents _.lrewell i.lilderway ell very-high-quality crystals,

The comparison of the I.,a1,85Sr(),i 5(..u,->O4ai,ld _i [ _.12Ct.I]O 7 materials, with each oilier tit,ld

with diffcrei,lt dopirlg coilditions, will lead Io a better tlndc,rsi;.lrldirlg of the inlcrnlediate

metallic stnte of these materials. '-I'he future goal of the lifetime studic,s is to establish ttlu

systerrlatics of positron liFetilnes in several supercoi,lducting oxides, irlcludii,lg Y l._a2Cu-_()7,
in what!, sample variations make interprettitiorl difficult, The role of defects iri these

rnensurernerlts rrlust be defined, arid precision measurcrric,lats of [.,al,85Sr() ' i sCtl2() 4 will t,c

started to detennirle the teinperature dc,perldciace of tile. gnp, Rcmeilt work, irl col laboratiol3

with T, Uo,_ist'";d E, Srm'a, suggests a convenient way of extending the I.,MTO to a full-

potential method without an erlormous increase in computer time, Such a rnethod would

provide a much better basis for calculation of spectra f'or comparisori wJlil experimcr_t as

well as allowing the calculation of strl.ictural-energy diffcreIlces (e.g. the orthlorlaombic

distortion in 214 or the morloclinic distorti)rl in BaBiO3), A futtii'c goal of this work is t(_

develop such a method and apply it to both structural and spectral calculations, Once that

tias been completed, measurements designed lo test speci t'lc intxlels of the telalpcrIllure

depei,lderlce of the lifetime will be performed. The lifetiri,le studies are illl importtirlt ad,jui,lct

of the monaentum studies because they '-_ ' ,pic vide. some indication oF the defect properties of

the sarriple arid hence indicate if the positron is indeed in tl dclc_:alized state as rc,cluircd For

ii_terpretation of' the il'lOl,lleiltuill density sttidies,
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Model Hamiltonian

,I.B,Grant A.K. McMahan

Objectives

The question of identification of the states cv,:cupied by the doped cre'tier holes, which

should be a sit.nple question of elecl.ronic Structure, rem_lins ummswered ni'tor three yenrs of

interase research ota the high-T c ctlprntes by the intemationnl scientific comnlunity, The

answer will discriminate between the "anyon" sch(__l of Anderson, Lnushlila, Wilcck, and

others who reqtlire the doped holes to occupy Ps states, the "d-excitntion" scht×_l of Weber,

Cox, zmd others who recluire Pn states, and lingering theoretic_tl suggestion:,; that these

holes may be in Pz states on the apical oxygens, Experiments so I'm"cannot distinguish

between p,: and PTrstates _uad,_dthough most rule out Pz, this conclusion is contested by

some grou ps.

The reason such simple qtlestions of electronic structure h_we gone unanswered is that

electrons or holes in the high-T c cuprates _tre both itinerunt (us in common metals) and

strongly interacti_ g (as in Icx:nlized zlt¢imic and molecular systems). This ch_tllenging

combina{ic_n falls between the existing theories, which stress one of these limits nt the

expense cff tlae other, lt is our goal to develop a qunntitative theory of electronic structure

for this new class of materials, because we believe the high-T c puzzle will not be solved

until such fundanaental materials questions nrc _nswcred,

Our strategy in de_tling with itinerant yet stnmgly interacting electrons or holes is to

throw out extraneous degrees of t'recdom, retaining in more manageable model

[lamiltoni_tns only those low-energy c.xcitzuicms thnt might be relevant to supercondtlctivity,

While this su'ategy is s,larcd in part by many groups, such models nrc usunlly based _11

intuition. We, hc_wever, have developed a mcw:tific'ation of omr existing local-density

ftlnctional methc_d, whictt generates quantitative and material-specific p_mu-neters detining

such model t lamiltoniztns. Solution of these models is now the rnaj<_rcornl)Onc_t_t' _ur
effort. Iraorder tct demonstrate the (.luantitntive abilities of this cc_mbincd npprcmch, our

near-tenn goal Iias been to calculate the insulating gaps, supercxchangc t'rcqucncies, nrld
"_1 "doped-carrier stntes in tlae isostructural compounds Im2(.t O 4, l,a2NiO 4, K2CuI: 4, and

K2NiF 4. Since only the first cornpoulad has been ctcq_cd t(_high-'l' c supercondtlc.tivity, this

comparison may [.|lso a,llt_w USto identify features necessary tt_r the high-T c phellOlll,21lCIll,

Accomplishments

Our earlier et'fcm IRer. ttT..61to czdculate model Ilamiltonian parnrncters was strictly valid

c)nly for the fairly localized Cu(3d) st_ttes in the cuprates, although estilnates were rnndc t'c_r

the more extended O(2p) states; _tpproximate sc_lution of the model yielded a nunll)er c_f

ttuantities in reasonable agrecnlent with experiment [Rcf. liT-7}. Using numerical Walarlicr

s",nctic)ns, we have now generalized this appr()ach tc) states ()t"arbitn_ry localizati()n,

pr()viding even-handed treatment ()t"t)c)tt_(..u(. d) _).rldO(2p) states. 'l'he l)rc)l-)lc_)_()t

gcneratin_4 model ! l_tmiltc)nians is now largely solved,
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We first ctttTied out e×actsolutions of the friedel llat1+iltot_iat_sfor st+ttttltclusters (e.g.,
K " +t _ l +I to 4 R+mnuhtunits) o1' l,a2CuO4, l_,,t++NiO4, and 2(.u14 IRef.II'i'-81,Although relatlvc

+ +

comparison of the calcuhtted insulating gaps apl eared promising, vttritttion in these results
with cluster size was disturbing and serves as tl reminder of the Itinei'arlcy of the irnfuu'talit
states, which requires bulk-like treatment.

We then inittate.d what is proving to be a very successflil series of apf_roximate
solutions using IIrtrtree-l_'cx:.k(I II+)plus limited configuration interttction (Ct)for
essentially bulk systems (l 6 to 64 forrnula units, petic×iically reprcxluc'ed through ali
+-) ,+, , ..> _,sl ace.), We l'ind that the IIF solutions ,ii<ne already track lhc large relative variations in
irlsulatitig gap to withirl 2()%, and the order of rrmgt+itudevariaticms irt superexclittrlk,c

frequency to within 507b, ttrnorig the four cornpotinds. These restllts show the irlsulatiiig
e×change-correltiti0n g,l,"t_mof the parent cuprates to t.>epredomilutiltly ot' exchange and not
correlation chm'acter as is generally assumed, l+lowever, the CI is needed to bring the
t bservcdb1+ .... " syrnrnetry-iorlizatiorl statewitllin range,and so¢orrelath+riis still itnportartt

The Ill++results also rule out Pre SttttcS for the doped holes. Although more extensive CI
will bc required to discriminate between Ps and the apical oxygen Pz states, the itnproviilg
quantitative agreement with e×f+erirrlentthat we tire finding for the insuhttillg gaps and
suporexchartge frequencies shotlld provide the credibility to make (>tit+rest!Its definitive.

Future Mileslones

()ttr first rnilestorle ts to cornplete ttf + limited CI calculations for bulk tm2Cu() 4,
l+a2NiO4, K2CuF4, and K2NiF4, emphasizing quantitative comparison with experiment in
regard to insulating gap, superexchange frequency, syrrtmetry of the doped carrier slates,
and wave vector of these states. Angle-resolved photoemission measuremei_ts, possibly by
I+I.,NI+,personnel, cotlM provide much ofthe triissing data. We anticipate clc"+"scquantitative
agreetrlent with experiment, which sllotlld provide the credibility that will allow these

theoretical restllts to play tt major role iii discriminating athenecontlicting high-'l"c theories,
Second,we seethe seedsiii etrr (.?Ic'tilcultttiormsof the dclpirlg..iildtlcedlossot"

IlliIgllCIIsi11'' iii the Ctlpl'ttteS, (..,iveli" the tict'tli-l+ence (ii' high-T c stipercolltlticlivitv., al dopilig

levels just bcyolicl loss of the ltx.',alrllorrlcnt arid the Firorrlirlc,nt re,le played by rriagnetic

lluctuations iri the '+anycm" high-Tc tno_t¢ls, we plan to calculate the magnetic or¢ler
l+aranleter(staggeredtnagnctization)[is tt flitlotion of dC)l)ing,We believelee+lhthis and the
previous milestonecan bKobtained within the relnaining hall'-year,

Ii sht,ul(Jbe noted tllai hard expcrimoili-iileory COlllparisons iii rc.'gtirc] Io thosettt_pc'¢l-
lvlott-insulaior-like characteristics,wllict+intilly intuitively believeto underlie lhc high-'l'c
phenonlerit>il,are s(+relyrilissing, Wc t.>eliew:wc aredcv¢lopiilg theoretical tt__l,'.;io rculil'v
this situation an(l l(1provide the kind ot'expcrilTlerlt-tilcory ilcralicmrt.'titlirL'dto cul tlirtulgl/
stnlie of the materials prohlcnls stirrotiiRiiilg the ctiprate,',;. Perhapswe Call then l'ttCtiS iBt+i't,'

clearly on the underlying calise of lhc pheritiineiu_ri,
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,,.;til_uru,,,ilc.ltlutivityc+llh,,.,lli_,,ll"I,,tlint_.,rinl.,.;,'l'hcUl_l_r<,nuh+tzlkuilllnxl_cctlI<_ct'clttulliu,ll

_.l_inlitvn_nl_lu'nlhnthnvcl,cc__t_.lil'ic¢lin._pccil'icwhy:.;Iui_vc.,,;ti_ntucfl'c,,.'l._.,.;uluh_t.,..;

_..l_rgu,tr_ts_._l'ur,phn.wtrn_'_.'.,l't',rn_ntiv,nn,11_ngnclim'_'_,nn_.Ilhculcctrt,n.ph_ii_nil_tcrtlulit_,li_

l_'_tll,,'c_su'n,lhc,'n,,..'._Iti_.licnil_v,,_,Ivclhc,_r_v',vt11_I'Inr_c,,:,.;ir__Ic-cr.v.,,;l_l.._tllll_Ic._ttn¢ltlru,i_

utdl_l",,_,rntit',r_v,'itl_tl_.,l'hynicnl)clmrtnlcnl_tii(,l_)nvin,

(' ('_,Im_'nm'c,x ,%','I',lfl_,x,x+,ll _',Z,k'rc,xM/I.I_I,/

(_bie_.'live

"l'hu_l_.j_.'_.'ti,,'c'_I"tl_i_l',r_juuti_t_tnunsurctheturnl_crnttlru_lul_umlcnuut_l"uluctron

cl_cl'_>'II;,_._u,_¢luc Ii_,lhc l(_wcr hrnnch (m.'(_tl,_ticI_r_lnch)(_t"lhc I_ln_m_+n,_l_cctl't_ln_+1"lnvun.'tl

_n_tct'ial_ (i,c., _Llpcrc_m¢Itlct_rs), t,,;.t'csir_ttn+.lIX,'l_mt,,,vitzJRcl,',:,,Il't'-u,..I(II httvc l'_ru<.lk.'tu_,I

thct'_r,,.'ticallv tl;at tl_cunut'_,.,.v1(,_._l'(_rtlli_ l+t'+tncl'_siit+t_l_.ll'(+ll(>wn <..+'t_l+i_::tctnl+cr[ttut'c

¢Icl_<..,n<.Icncc,/\ \'c'rilic'ntit_r_t_l'tllis l-+rc¢lictit_n,,,vottl¢lStll'qX+t'ttllu view tllttt n l_h_:mt,_rl-

l_lns11l¢'ulintvracti_misthelllcchani,'.',nll't+rthehigh'I'ut+l'lab,creelctq+l_cr_+xi¢lc

S tlI_Ct'Ut'_ll_,ItlUI(H'N,

A c_'<_n'_pllshmt.'n I

\\,'chnvurcI'url_i+hc_ItlIIRI+I!I.,Sx>,xtctn,'I'I1uin_trut'ncntisc+.itlii_i_cdwithttsttrni+Ic

t__nniputntor Cnl",ahlc oI"hnr_.Iling su\,crnt xtm_plus t+tn<.lwith n bottling <..'almhility(_I"tlp tt_

I l(l() K, \Vc rich.led tt stn...,l_+-l',, " +n.,,;.',.;ev+lin¢Iric_tl-rnirt'or ttnttlv./,ct'(3-.Htrt spotl t_+purl'¢',rtYtAtru,,,.'r,_

clcctrt+n _l+C<..'tt'+_x<,.'__l_>, (/\liS)m_¢l _t<:l¢_ul",Ic-l+n+',;_c>,Iit+dri<:al-rnirr_+rttnnl>,zcr l'or XPS tt_l<.l

t.)l',S, "l'l+csu tt.::cl_'_i_.itlcswill l+c t'c_.itlirc<:lto l'tlll>'¢.'l_m'actcrizc tllu surl'+tccs t(> l+c tlsc¢l in

lIKI(I'_I,S.,,\¢ktiti_ntty,v,'uhttvci_.'I_t<.lctIa vct'ysttthtcpower ._Upl_lyl't>rtheIIRIGI(I+S',it
ixn<',wI+uin+,chuukc_I,

I,'uiure _Iile.,.+t_ne,',+

'l'ilucntirus\'xtctnwillhu tnt_\'u¢IIron_I_tliI_Iing235 tc:,I+tliI¢Iingl¢>4,rcinxtnllu_l,+iii¢I

_:,l+crntit+nttthv JLltlt; 109(I.I_),theenelt',lI-;Y!)(),we willrnunxLtrc_-ncrgyh_sxuxl'_r

gr_ti+I_itu,u¢+i_i_ur_xi¢lux.,and xuvur+tlxt_i_uruc+n¢luctorx.
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I_'llonoil and Magnelism Sludies

,., 4 4<

II, li, I_'trldOlL_'ky N, I'hillil_s* K, Mc( _u'ty
,l,/, l,it_7 h', ,S'heltutt1'

()bjeclive

The goal of this rose,arch ts to elucidate tl'lc basic mechanisms that ulld¢l'liu tilt

superconductivity ot" tills class o[' matcrillls, "l'hc lipproach tilkt.'.iahiis been to create tligh-.

tltialily salnph.'s thai have i_cn modified in Sl_CCit'ic wtiys it) iilvesiigatc effects such ii,',;
c'hlii'ge trtinslc, r, phtise iriirlst'orirllltions, Intigneiisill _lnd the t;'lcclrc_il..plioiloil illlt.'r_lclil_n, I11

ill{lily t.'l.ises, tllesc sttidic,'; involve tile gi'_lwih of liirge, sillgle-crysial s_iinph.'s _lnd lirt.' in
(.....I. avis,c'ollabornticm with the Physics Depurtmcnt tit U " )

's_i ee orn t) I I,' li m e ii I s

i

l: a',(.u4()7 Ilns bccrl stticIie_t extei'lsively by Riunan spcc'tr(_sc'c_t_y, but ,,_/itll single"

crystals cc_ntailling higl_densities uf twins flint intt._rc"hnllgc tile ii nnd b tlirccti_ris, Al_llg

the b direction _ii't.'iitc oxygen iltOlllS thui fOllll the Cti(I)()(I) "uhniils," 'l'llcrc _ii't! ll(i

CCltiival¢llt oxygeil tiiolns tilong the _ldii'ec'iitlil; ht'nee, lhurc _irc i_(I ('u(l) (.)(1) t:litlills iii
tills dirt.'ction,

In t.'olll.iborutiol_l wiill Sai'i_lia Nnti(inal l,_il_li'_li{_l'),, ti c.'(lilll_lt.,It.'ill_ippiilg of nii tilt.,

phonoi_ i'nt_:les htls now bcc,ii c{mlplctcd tiSiilg lilt.' deiwirlncd crystals, l:'rc'vi(itisly

tinreportc.,d t'c;liures _lrt.,.seen in the spc_cli'li (_biaincd with lhc' incidci_i laser bt.,alll

pi'cq_ngntillg along the (7u(2) O(2)&(3)planes, In ptutic'tliar, lhc degrt.'t: i_I ailli.-rt.'snilailc, t.,

(pei_etralioil oi the Ralllali line bcl(_wthe t)ackgiound)o[' the I167'ttf 1ph(_noil (_i l}ii al{ml

vibralioi'l along litc c axis) is ll'itictl grolalt.'i" t'or polariztltion _lloilg ilic ('.u(1) ()(1) c'haiils

lhan ii is for poltlrizntion perpei_diculnr Io the ('.u( I )-()(1 ) c'haiils, Signific'anlly, 11(ianti-

resonant behavior is observc, d for this Bti vibr;.liion i11the spcc'irn with lit,ht p_llai'izetlal_lng

the c,axis ctespite ililcnsc, sctltierirlg t'l'Oli-i till t.'li;.'clrc_ilic t;orllintlUlll,

This ;,ulli-resonl.lrice is iillportlllli beciluso ii is a charactcristicsigi_ailire (li" the illlciiit.'ii{>n

of tl discrete ptiorlon with the clcctrcmic ccmtii_ul.iin, Iii irutlilional Sulwr¢ondiiciors, ii is lhc

tile elecirola-phonon init;'.rtlcticli_ thai uilderlies the pairing t_t' tl_c clt:clr_ms und, ihcrc, l'im:, lilt.'

supcrc,'onductiviiy, 'l'his type of l_,tli'i_.ill int'orilliliion, wllicli c_lil i't.'l_iic tile"slrt.'nl',ll/i_l' the
eleciron-phorl(in ii'_foril_ltioil Io tilt., iinlXWttlnl cryst_ll dirc'c'ti_i_s,is t.'ruc'i_il t{_ (_tlr _llleinpls _il

undcrstailding the role the elc'cii'{m-i)h_mon interticliOll still plays in lhc tligh-'l' c t_xitlc
Sripcrcolldtlc'lors,

F'rxI_,_i.,(,i.i t()7l lear cnp_.lciiy expc.,rilneiats htive been pc'.fformc'd ()n _lseries of "{ I-x .. .

' materials in collabor_ltitm with tile Cht.'inisiry I)epnrtint.'i_t III t.l(Tt l_t.'rkelcy nnd the l'hysic's
j, - , } ..... yDet.-lartrllent tit I_ C--l)tivis, 'l'his system is currently c)[' lligh interest t.tJt;,itist:, l:'r is tile (_nl

*Imwrence Berkeley I_,at)orlitory aiid University of Calil't,rllia Berkeley,
**Sandia National l._aboraloi'ies.., l,iverrrioro,

"l'hrliversity of Calil'ornia.- Davis,
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rur¢ enrth limt, wl;en substituted fur Y, uttu,'.;e.',;tttum['tLlef[k:cts_._ttlito ,',;t_perc'+_mdtlclir_g
prt_t`>ertics,*l'hcrc'h;ts been considurnble ccmtrovc.rsy over the vnleNcu (_t'the l;'r itm (3 t_l'4)
ttmt the vet'5,lnrge+vttluus of the electronic spccil'ic,-hcnt c(_cl'ticicttt+,;rclxu'le¢! I`>y,,.;+wne

workers on this system, The hcnt-cnl-ntcitynlettsuruments we mndc I_nvesettled this .',;c<:_n(I
(.'(+11trc+versy,

l ligh-precisitm rllenstlt'ements ((),1%) were pcrtk_rrne.don t'our snlnl'_le.,.;,with (), I(), 2{),
3(), nm.t,'-1()%Pr m_bstituted t'or Y, These _nutt,'.;uremet;t:;were tnnde ttt very low
turnt+et+tttut'us((),3 to 125 K)ltnd high fields (()to 7 T), which nllowed t_l+servlttit_t+o1'lt
str(_llgPr hyperl'it;e it_teraction, ns ,,veilns previously unt_l',sel'vud_nttgltutict_rt+lurillgirl ttlc
3()% Pr snrnl+_lu.When tl;use cotttributitms to the hunt cnlmcity +trutnken irltt_Itcct_tlnt,tl+u
vttltles oI"lhc specific-heat c<+_el'liciur_tm'creduced t`>yn l'Itt..+'t(_t'of four, 'l'lle <,+mll)ictc'

ttt;ttlysi.,;of these heat capttcity dttttt and tl;,/.'it';tpplicntkm tc>the general prt+blurnof
tlt+tlct'slarldirtgIItc (Icstructi(m ot'T c irt the Y'l.xF'rxl:_n2()u3()7system will be col+npeted(rvcr
the nux, several tnt_l;ths. On lt hr_lgertime ,'.;chic,we plan to cot;tintje this type ot"
munstlrurnunt using ++tnew Iligl;..terr_purnturecaI¢`>rilnetur(4.2 to 40(1 K), Ol+tirnizu¢ll'()rsmttll
single-.crystnl samples, whicll is being ctmstt'ucted irlcc,llttl+ortttior_v,,,itI_the Physics
l;)clmrtrc_cntnt U(? ,l)nvis/tnd shtmld I)copc'rttti(mttl this t'iscnl ycmr,

Future Milesl()nes

We will tncttsurc the <.:..axisgap irl UlIIWilIFICd YB_t2(2t_.iO-l.+xt_siIlgl_tlllll|I1

spcctt'<sct,py, Ad(litiurutlly, si__glc.-ct'y.'.;tal,studies t+l'Y i.,<lq'xl'ln2(,).13()7 ,,viiiI')egilt t_ll
(.:_t_pluti(mtri'sy_ttllcsis t)t"It;est sttr_ll)les,

Techn(.)l()gical R&I) (i)(_ping and (9irctlils)

l)<_pir_g of YII(_()

lt', (;l.,'+,v II, 1.t./¢adou,+k.v M, ,1.I"lu.sa

lt; (_t'¢h:rt¢)study tile rr)le (>l'cllnrgc trnnst'cr, we httve successfully ,',;ul')stitutedl!+rittt(.r
initially-irlsultttiltg Yl+,n2(2u3¢)<.,pt>w¢lcrnr_dobtatirmd n St_l)¢rc_,)nduct(rrwith "I'.-:::9() K, 'l'he
brt)i+niI+++tti(mpr(m,ess ix sigrtificnntly dilTc'rei_tfrom oxygcr_ttti(_t_il; that it cttn l',ecart'ic_:l(tilt
ttr l_,v tctni)et'tttttr(..'s(2()()"(?) Itr_clrequires times ot' truly tt I'(.',W ItlintltC.'S, Wt.'. It;lye alst)

demor_strntcd tllnt the l',r_tr_innti<m[')tr'(rc'essis t.'fl'ective irl imprtrvit_g the properties of
<_xygen-dcIk'ier_ttlti_ l'ilt1_s,whicI_ is itrwwtnnt ['(>t'p(+tentinlelec'tt'(mics npl_licatti(_ts, ()ur

pi'csc't;t (_b.iuctivcis t(_extct+d this w{)rk tor++ts-mnt;t_f+tctttredhigh-'l'c devices in stlcll l_why
thnt this pr()ccss clut be tl,',;ed tr,',;tt f/llltl (:l(rpingprt)cedure, thus l)r()lec')ingexisting

coml)ot_cr_tst'rt)m higl'l-tc)r_pct'ntut'e(letcrit)r;tti()n, A(Miti(mally, we plnn rr_()rcdetailud
sill(lie,',;()f lhu st,,'t_c:tt_rnltttld clc'c'tr()i+tpV(rl_cvtics<)I'tllis ttcw rt_Ittcrinl.
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l_atterning for Ctrculis and Magnets

F, Mitlitsky I;',Magnotta*

()bjectives

We arc studying various ways in which htgh-deilth-ol'-t'ield laser t_attert_ing and hybrid

wat'crscale r_rocessirig can be adapted to kigil-T c thtrl fih'ns irt order to ctigincer sttite-of,.thc-

art devices that exploit the useful properties of these new rnaterittls lP,ors, tiT. 11,.12,.I3,-141,

We are corlcentratirlg etl t¢chrlologies that will benefit ft'ore the htgt'i-Tcs, high critical

current densities, high critical fields, arid high conductlvitles of thin films (_['these materials

while avoiding technologies thtit are hindered by their extremely short ec,hcretwe lengths t_r

int'crior bulk r_roperties, The three devices we are currently studying are:

, 'l'ransrlaissioil lines suitable for >I-GI lz bandwidth syt;tcm tntcrcolanccti(_la()l'a

hybrid wal'¢r scale SUl:)ercorrlputer with <25-ii1111l)itch.

• tligh-speed iritercorlrlects for ultral'ast devices (.-.10()Gllz) such amshotild be

attainable ft'ore vactll.lill rnicroelcctrolltcs [Rcf, IIT. 15l,

,' l ligt'i-field rrlagriets usirig Tc sut_ercoliduciirig tllms,

A cctilii !}1ish nle n Is

We arc developing ii pr(._css for dCl_osiiing alld ct(:hiilg ihin t'ilms o1'high-'l' c
SUl_¢r(.'oili;tticlorsand varioi.is (.'(2raillics, We are ci.irr¢ilily a(2i.luiring sialt_-ot'-lhc'-lii'l I'ilriis

l'rclrll C(.lilduclus lhc, ilri(.l tire working wiih thcrri collaboralivcly to ch_lrliclcrizt_ lhr;so t'illlls

during various sttigcs o1' lWOc'c'ssiilg, We 'Iced tc)(.'tlai'amtcrizL'transillission Iinc's t'abric'liic'tl

I.i:;illg various technologies to vcrit'y c'alcl.ilalioriH and lo chot_seOl)limal structurt:s ft)r

irllrac'.hil) ai_d iilit_i'cl'lip il_tit_,rcoilnccts,Wc are.ctii'rt;lltly ti,'.;iilg a varicqy c_t"eciuil_mC'lllillld

CXlW.rii!;clrcJmO-l)ivisiori for l)ert'ori_liilg llisc'r-cichiilg stib!;irlii¢, biavclling, subslrliit:.

lx_li.,;hing, t]lm dClx_siiion, alld tilin clchiilg, WL' have bc'c'rircl'ining lhc irlclh_l dc'vc'l_pcxl

ai I,I_NI, for dry l)ailcrniilg ihin fillllS tit" higll-lt_lllliL'ralurt." SClt)c_r(.'tllldUC,i(lr (.'C'i'ailliCSSi.iilliblL" t

t'(.Ircrt.'iiiirlg lhrt_12-dhllcilsi(inal strtlC'luri2Hwith I.llli-,,;c'all2fc:alilrc'H, W(2 are dcvt.,l¢_l_ing_i

ImX.'c'.,;_for t)cvi211iilgarid tx>liHhing various c'c'ralilics, ,'.;uchii,',;lailihatl'tiill liliti_liillilc"

(l,llAl(7) 3) aild yllria-.,;labilizc'd zirc'oifia,

l,'til u rr, Milt, sllllleS

'l'llt_ lhrii,,;i ot' (li.lr llC'_lr-Ic'rlll ¢lltlC';ivor inv_IvL's dul)lic'aiin_ llur la.,;cr-t_alic,rniilt,, rc'giilwi_

llll wL'll-chara(:It:rizc'tl, high l'igurc.-ot'-il_crii, high..T c tili_s (irl il_-ht_usc'I_L'vclIL'_I_llltt

Ix_li,';h_.'_lc'(._r_lnlic'Irl tlc'Ic'rilliilt; ih_"L'I]'c'c'Itil" Sue'li t_i'(ll-'C',";Hiilg(_il tilL' filial .";)'slc'ii_tXii'_iilWlc'i'H,

l{xlxli_,,;i(_nof till,,;L't]'(Wlll_ lhc is._tic't_['tx_ll(liilg (_1'high--'l'c,il_alc'rial I(_silic't._l__i' (_lllt_r
.',;¢i,'lic't_iltltic'ltw@vic'c'_ will ht: rh'ire'ii by c'l>ri'¢.'-;IX>lltliil_ rt:,',;L'_li'c'hiillt_ il_c' l_hy.w,iL';i.lailtl

¢,l'iL'IYiiC,_illll.iltll't',.',; I'lt"Ihi.'; (.'la.',;.';I_t"inlc'rt'ac,c', St_mc,_._t"()iii' L'tTt_rlwill Ix: llrv_lt.'tl it_ illiii_ilii_l.',
suL'h Studies,

* (.'(lii(ltlc'itl,'i lhc.',
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Re i'eren

I1'1' I. I). I!, I"tt,,,,,l_.'r,(". 1,_ I_,rtlvlcllc+,I. l.urcz_tk, ttncl I:, l l_tllzbcr?, "(.'c_ru _tn¢lV_ll__,lw_t
X I.'SSl_c,ulrll (',1("luttll, ( tl_.,il,,,u(lSingle' (.'i'ysl_tls ()t' '5"!_,;.12('tl?,()7," 'l'r_lns,
I:'h'_'tr_,t/,_'l_C_'lr_Js.I?c'hll('_l I"ll+'mJm('lt(l 52,323 (I ()t)()),

!1'1'-" I,t M Ills:,,_,tl,I \\" l,'ir_,,ur, I,_,,I /\nl, c,I, (,, '1', l'ruv,,it[ N !., l,_(_ss,I I
l'(.k'lil_,, uncl (", (i. ! lllt.li<liltccts, i:'hvs. A'u_'./_'35, "723,_(1!._7),

!1'1'-3, ('. (i, ()lsc',n, l,',, l,itl, /\,-P,, Yultv_cl,13,W, I.,yrwl_, A, ,l, AI&o, l,t, ,";, l.ist,
I:{, W, \"viii, Y, C, (.'l_n,g, 1:',Z, .litt_'_!.',aticl A, I_, lh.tt_lik[t,,4,,_,'ci_'n_'_'24._, 731

1i'1'-.1. V, Krcsin ;ln,,I !I, M_,,r[t,,,,'it:,.,"l:'ctsitt't)r_ ,,\rlr_ihil;.Itiu_r_l+ifuti_l]u in liiu 1 ligll-.'l' u
()xi_.l,,..'s,",I, 5,'tq,,_'r_'_,_l_hu'ti_'ily,in pl'__'ss.
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INTERFACES, ADHESION, AND BONDING
,,

W. E. King (Thrust Area Leader)

Overview

"File Interface, Adhesion, ,'rod Bonding Thrust Area is investigating the influence of

impurities, flaws, and inclusions oil adhesion and bonding ut internal interftlces, The

influence of interfaces on materials properties is controlled by mechanisms that are

operative over the range of length scales from atomic to macroscopic. Detailed

determination of the operative mechanisms requires theory validated by comparable

experiments, Theoretically, we have developed a unique capability for calculating the

electronic structure at interfaces, where symmetry is reduced compared with the bulk.

Specifically, the method, called the real-space multiple-scattering theory (RSMST), can

treat interfaces and include the effect of atomic relaxation _lt the interface. Currently, it is

not possible to predict atomic relaxations using the RSMST (because of the large

computational resources that would be required); therefore, we have coupled this methc.x:l

with the semi-empirical embedded atom methc×t (EAM), which uses modified two-body

potentia.ls with molecular dynamics, moleculzu statics, or Monte Carlo techniques to

dctennine atomic rearrangements. These methc×ts are at present limited to metallic systems;

however, the extension of one or both methods to metal/ceramic interfaces appears to be

possible.

Our experimental etTol-t ,,,,,iiiproduce results that are directly comparable wJ.th theoretical

calculations. Cc nsequelatly, c_ur initial investigations will treat the planar metal/metal

interfaces and metal/ceramic interfaces (in anticipation of iml3rovcments in the theory) of

well-defined misorientations relative to the perfect crystal. To span the entire range of

length scales described above, we will require macroscopic bicrystals a few millimeters

thick, with interfacial areas on the order of a square centimeter. To obtain such bicrystals,

we plan to employ the diffusion-.bonding approach recently demonstrated at the Max-

Planck-Institut, Institut ftir Werkstoffwissenschaft, Stuttgart, W. Germany (MPI).

Initially, bicrystals ,,viii be obtained through a collaboration with MF'I. In parallel with this

research project (and in collaboration with Sandia. National l.abor,'_tories-l.ivcrmorc), an

ultrahigh-vacuum diffusion-bonding machine is being developed for installation at I,I.,NI,.

Technical Activities and Results
n

Electronic-Structure Calculations at Metal (;rain Boundaries

E. ,S'owa A. (;oni.v

We have developed a first-principles mcth(i_:t, the RSMS'I' defined at)c_ve, for

calculating the electronic struct_rc of systems with extended dcicots, e.g., stlrt_lccs and

interfaces IRcls. lA-l, IA-2J. 'l'his nlclllod relics c_rlc:t.'llliin inv_lri:ince pre,potties of systems,

namely, the periodic rcpctitic_n {ii ;| t)[I.";i(,.' unit _tl¢m,ga given (tiI-ccli(-m(,c._,., l}lC rcpctitic_n (_t
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atomic planes to produce a surface), These properties allow us to reduce a semi-infinite

system to one of finite spatial extent and to calculate the electronic strtlcture of extendecl

defects, Motivated by tile desire to gain insight into bonding mechanisms at metallic

interfaces, we have applied the method to selected grain boundaries inCu [Rcf, I,,\41,

Our RSMST code has been demonstrated to work on twist and tilt grain N_tlndaries in

Cu, including boundaries based on high-Miller-index planes, Although this code is non-

self-consistent and cannot determine total energies, we have used ii to determine the el'['eel

on the local electronic density-ot'-states (I)OS) ot" botmdary relaxations preclicted by the

scmi-eml.+irical EAM, Four different methocts of expressing mathernatically the invariance

properties of semi-infinite systems have been implemented and are being evaluated for

optinaal convergence rates and comptltational efficiency. The most efficient version will be

used io implernent charge self-corlsistency and total-energy capabilities,

We also have a fully self, cotasistent total-energy code lP,el, IA-41, This code is a hybrid

that uses the RSMST rnetlaod described previously to handle the direction perpendicular to

the interface and conventional methocts for the directions parallel to the interface. In

contrast to the pure RSMST code, it is limited to interfaces with translational invariance

parallel to the interface plane, Although it ',,,,,iiinot be able to treat incolaerent interfaces and ,

interfaces with isolated impurities, it will serve as a valuable check (.m the more generul
code.

lnl'luence of Impurilies on Grain-l:_oundary DilTt, sion

W. E, King ,I, 11,Park, ANL A, (+'_,plm,r
L. Bt'rlrl(lr(]cz

We have begun to investigate the atomic transport of cations and anions in Cr20._ and

Cr203 doped with ceria, The experiment is novel in that we have sitntzltaneously difftlsed

"+"/C. "" 2Cboth cation and anion tracers on the same Smnlfle, Powders of t..r 2_ and t. r .)-_with

various amounts of ceria doping have been prepared, Compacted green pellets have been

i'_ f-,_ .3f'x.sintered at the oxygen partial presstlre correspolu]ing Io the ,. fv.r,. )_ equilibritim at

155() "C. After sintering, the samples were coaled with a thin layer __t"s°Cre()., powder.

'l'he satnples v,,'et'editTtlsiozl arltaetth.,d :lt tile c,xy_c't_ partial t'_ressure correspotatlitag to lhc
+""_ .1(_.C.r-t._r,..)3 equilibt'iuln ttr 11()()"(2 for 8 hotlrs, "l'he ¢+xygcn partial prcsstlt+e was cstablish,:tl

using a tnixttlre of Cr and Cr,+IsO-_ l+'cnetratit+n ot' 51+("t"and IsO was tncastltcd usin-. +.,.. , , .

scc(+ndary-ion mass spectrometry (SI MS).

l'relil'ninary rcstllts arc sh(_wn in l:ig. IA +1, The dittusi¢_tl c(wfl'icient.(_f lhc grairl

t_¢+tlrtdarv+is prol_t+rti{_taalto tlac slc+l_e(+1this cllrvc, A _+tcepsh+ive in tile l(+n-mtail (+t"tl_c,;t.'

curves ir+dicatt.+stl lower +.titl'tlsi¢+t_cc+¢fl'icicnt than wotlld zl,,+h',tll(+wshape, 'l'hcse

l_rcliminary results indicate that () difl't_ses tn_+t'etapitlly ten Cr grain t+¢+tt_ltt_tt'icsthail ("r,

'l'l'tis a_arces with l)reviotis rest_lts btll i_._twith c'onvcntic_nal Wistt()m, l;urthcr CXl_cri_ne_its

,,,,'iii be carried ol_t t_ impr_we tl_e tr',lccr clel)(_siti_)tl_a_etla_)(:lun¢l to ()btain qt_antit'iilblc (t',lt_t,
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Trace Impurity Analysis of Meial Sungle (.r2,slals

,4, ('tumor W, Wien 14',E, Khl_,

lrllroduclion. A key lo the stlccess o1"the work proposed by the ttirtlst area ix the

ability to prepare well-characterized inlerfaces of known crystallography and purity,
,,

Results o1"a recent round-robin investigation of the impurities present in a common piece oi"

NI) indicated the need for t'urther investigation IRer, IA-51.

l)elerrninali(m ofSignil'icanl Irnl)tnrilies in NI}, Previous work to quantify the

II'[ICC impurity levels in Nb single crystals incticated lhllt routine quarllit'icatiorl for II wide

range of elements may not be practical and that specific imptlritics that arc expected to be

deleterious to the planned experiments should be targeted for analysis, lt was determined

that the target imptlrities are those expected to segregate to lhc grain botlndary during lhc

dilTusion.-l_oildillg process. To idenlit'y these impurities, a surface segregation study Lisin_,

Atlgcr clt.'ctrorl spectrc_scc, py (AI!S) was carried out (m the surl'acc of a Nb single crystal at

a variety of tCml_eraturcs between 25 "C.'and 600 °(2.

e:\ l_crkin-Elmer 6(1() Multirn.c_be was used for the analyses. Before heating, the sample

stirtace was sptltter cleaned and subsequently characterized. The sample was then heated to

500 °C. /\tlcr 4()rain at temperature, the carbon concentration had increased to 66% aral

clearly sh(w_'cd a mixture ot" two st;Ires, oile of which was a carbide (as identi fled by its

distinctiw:: peak shape). ();,ygcn and stlll't2r were also present. 'l'he area was sptlttercd t(_
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remove, surl'ace col]talnil]atioN and lo soc wtlich colltatnillai_ts nlight Inigratt: lo it_usurfilcc,

and iii what rate, Data were aCCltiirodlls ii t'unctioll ttf tiinc'. Atlcr 12 inin lit ieillltcrliiurt.'.,

lwo carbon species, inc,ludirig ii c'.iu'bido,wl.'re ligliJll ubscrvc,d, 'l'hc plot in l_'ig, lA-3

shows lhc change in conccnir;.ltioils with lime, AI iuinpurattircs >57()"C, lhc carbon
c'oncontralioll decreased, until iii. 6(X) °C no tarbell was deice,table,

6070 ........ i_.o 50

'- 40 --43--- Nbo , ' i
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[,i',. lA'2. "['line evolution of the surtaco c_mlposil.iori of a Nb single cryslal ailllcalc'd [ii. 50() °C,
studir l using AES,

Sulfur, niobium, carbon, and oxygen were tile only clenlcnts detected on the sarnplc at

any poirlt iri the analysis. The disappearance of C t'rolrl the surface of Nb was t'uriher

irivestigated by surveying the surface concentration as a t'unction of time and temperature.

Figure IA-3 shows the AES spectra ft'ore this investigation, lt was observed that during a

15-rriirl anneal at 5(X) °C, C, S, and O concentrations ali increased as previously observed.

The tempera,ture was increased by ~10()°C, and the C peak was observed to disappear after

only 4.5 rnin. During tile riext 25 nlin, the O peak was observed to decrease slightly iri

rriagnitude and split. This could be due to either to surface segregation of oxygen or to

oxidatiori of the surface by residual gas in lhc vacuum system. The (7 peak was not

observed to reappear upon cooling,
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IVig.IA-3, AIT,,g.<,;l+_C,ctra clc'nltm++-:tratingrho tornpc,raturo and tinle dependence ul"the stu'rtlce cc_tlcc;ntt'alicm
of a NI+.,,;itlg,,h:,,c.'ry++_tal',SCCltte,nue. l+_t'c>gt'c;s_usfrcml bottcm+ttc>ttmp,

On thu ba.'.4isof thin result, v,,c corlclu¢+lc that the bulk itnptlritics C, O, and S mbemid bc

mit_in'izc¢l in the NI> single crystals obtained l'rcm+_Ames Ntttional I.,abtmitory, Further

CXl+crimunt,',: will bc carried c_ut to dcturminu ii it is l_ossiblc to loually puril'y the nuar-

._tirt'acu region of the sttrnlllo by tl <.:orl+bitlation of thermal cycling and Sl+_tittcring, Ii+

ti(Icliti<._i+l,the,.al+_l+rOl+)ritlt+heat trt+'attrlt)rlt to triiriimizc' (7 will t>uck+'tori'ninud,

l/<lund-l/<tllin linl)urily Alltilysis, Iri this wc_rk, siancltii+d sturll'>lcs have I+c:t_'ii

I)i'(>Ctlt+t+tlfcir a rc+tli+ld-l'c>l+ii+lirivc'.,<tigtitit>ii, _tttrldard sttt/+ll+lilig tc+,cllrliCltle_ have+'bc+'t.,ii

t.,l+tll_lc+yu(tlc, divi<.lu thc' ,',+;irlll+lc'._t+(+i' lilt.' rtltlricI-.t'ot+iii irlvcstig;ititm, A ,'-,c'lt.'ctc.'(Iti,'<+',4()l'li_C,lilt_l+

tini¢leiitit'it.'(I _l_ii_i/lar(Is;ttnl)lu.'-+irlc, lti(lirlg ,',+ai'i+ll-+lt.'sit'l'¢+il+ldiffcreilt _lailtltirtl+ tlrl(t rl+lullil)lc '

,'<ai-nl-)lc_fl'(ll_ll lhc _tlil_t.+'_ttiri(lal'¢l, have I->e0ri,'<c.'i_ttl_ lhc..'ilattiCil)ating tirialyiictil ltibclrtlit_i'ic_'_,

l++,lt_(+ratoric'_,._htiwrl in 'l'ablt: IA-I, barc.' I_t.,t.,rlti.<<ke¢ltc>ctirr\, ¢+tit ,_l+uuitiu ai_;tly.,<t.,sai+irl

rt;l+<+i'tthu rc.'._tilt._,C)()ilil+ttrli¢+ri .'-+tli+lll+>lc."swill bu rc.'ttiirlt+'¢ltil I+I.,NI,, 'l't_ ch<.'ck

rul+rc_cltlcit_ilit\', _l+cut,rid .'<c+'t'it'.'<(_t _al+l-it+)!c',_will tJ'_Cc'irc'tilalc'¢l al'tur c'l_llll+lc,ti_n t+l the' first

rcltln(I, A tllir(I I+(itii+lclwill illclti(l+ _tail(I;il'(I _tlnil+lc.'_ anti _tti+rllllc'.'.+ili_il will ht: tisc,(I iillitlr

C,Xl'_C+'i'itrlt.'rltali-)i't_gram, ()rl thu I,asi+_¢>1tt+cc(>il+l>ilc'd t't.'+tilis t't'c_t_ltill thrc,c.'_t._iic'_t_t' Ic.'_t+'.+,

It'll t_lc'itl(_cl_ and lttl:_(_rtltoi'ic.'.'.+will tx' _c_luc'tudt'()r arialytical work in tt_i._ttirtl_l _ll't_;i,
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'l'nble lA-I, 1,nl_,,',J'_.!lc',s'iesl.lllcl fecllfliqLwsusedtil I'¢nlll¢l.e'¢d_illilllln 'i V:umlvsis,
I I |1 I I I III I I [ I I . III II ] I III I I I Jllllll I m,,_ :: ....... .. ....

, ,

l,_tI_()l'_l(_)i'_' 'l'e_.'hn i(Iut, I,',I_,,mf,,III
IIII -'1 I IIIIII II I I I III I II I I IIIII IIII II I I I I I II L I IIII II Into

Atl_es Vnctltun Itlsi_m II, (), N
A uIc,s ('otll Inlsl loll ('

/\IIILLq Nt'tlllllill!_ Itl!_el'IIItl,_,"4sl+t't'll't+lllCll'y ,'\11
lixtrel (hul). , (llo,,vdisclult'_.emass spccll't)lllelly AlI

I,I,NI, ('_mlbusliorl, i!!,tlilion II, (', (), N, S
I,I ,NI, I('I'MS Z ::.?()(('l', N,I,_.,'l'a, SVclclcclc_l)

iI III : "111 I I I I I I I j II I I. I .... I

I_reparali_>n or l lllra.l,'lal NI) Single ('.ryslals I'_)r I)il'l'tlsi()n l{(_n(lin_

1.1.I,'m.l_s I_'. _Yl_,, I_' I.. I_i,_,

In the I'Llttll'e,the irltert'aces use_l I'(_l'lhc c xperilnel_tal i_t'li_n _l II_is pi'_gt'al_l will Iw

Nb grnin b(_ttn(lal'y thnt wns l_:(_(lu_.'e(Iby tlit'ltlsi_n b(_n_ling is sh(_wn in I;ig, I/\ .1, 'l'hc

rate of dit'l't_sion bolldillg iNc:ontt'olled by stll'l';.t_.'edil'l'ttsi(_rl, which in _ I'ttl_.'li_t_¢_1'

l¢l'npernture _lil(Ipressure, We seek Jr_lel'Tm:'eswith c{'mtr_lled ge{_lnct_'ius (ustlally I_lal_al')

aral c'hemi_tFies, Stich interfaces cnn {_nly be obtained by _nini_nizing tl_¢ lellll')el'dlLll'L',

l_ressttre, an(I lime l'(_t'(lit'l'tlsion bondi;_g in or(lcr l___lisc_ttt'agc botll_{lat'y l_i!.,,t'nli_l,

(let't_l'l_ttiol_, and segl'e,galion of itl_ptll'ities lo the inte_'l'_l_.'¢./\ key l_._t'e(Itlcing I_{_l_ling

lelllpet'illtll'C, pt'esstit'e, anti tit_¢ iNll_¢ t]_i_litni/.atit_n {_1'tl_e v_dtltne {_t't_[ttcrials lll_ll tlltlsl I_u'

ll'ansl}(_l'l¢(I I_y Stll'filcC'dil't'usi(m in or(let' t(_elilt_inate p(_i'o_ilv _lt lhc illl¢l't'aL't', 'l'his cnl_ Iw

ac_.'(_t_plishe_.lby c(mlt'olling lhc lla,lt_ess _1'file su_'t'uce _l llw snluples l_ I_e b(_t_lctl,

"l'vpicnl l'nclallt_gr_tpl_icl'_l'elmmli(mll_,..'ll_(Is (as _'ep_l'lctlearlier)vicltl s_ll_l_h.,swi[l_ D.,a_k
l_l-.\'alley (l_:viations t'l'_n_t'lalm.'sl,;o1",.'-I()()()ntis, "l'his flatne.ss has Iwen sigI_it'ical_ll\'

N
I"i!!. I,,\ .1. IIl,_l'iM ll_u_!',c_1 ).'.5(_,1I_ ,.:\I_ll_'lll_' IIII !'I lill I,_,tll_hll\' III NI_ I,iCl):_lctl ',11I I NI ' ,.lillll..l_,ll

In_l_lc_l :_l ,",11'1;._1_(Ii_l_:t_'_'_',fl SNI. b', ,_1.,_1i11_.
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'I'II¢ l'_lisllitiL', _i' Nh is c'_,_ll_lic'illc'_.lILVlilt, :_I',l'IH_,:.',i.',;_I' lllis l_ilrc,tll_11c,rii11,

, /\l_r_1_ivc'l_llrlic.,It'sc'llrl ht, l_tlllc'_,ll'r_,11llic, l_li.,.illiri!_,,Iill_ _,ilcl_.'Ilnl_c,c'_,,llc,c,,111-_c'cNlc,_<l
irl lhc' NI_, v,,,llic'll is lllc.,ri_,ii.l I_ l_c'c'llllr_.,,c,_.lwilll _lhrm.,ivc', \Vc, li_ivc,lils_',_l,_'r,,,,,<!_llli',il

tl_il11:!,ill_l'llnivc' l_ilrtic'lu'slllill ilre I_ lilrl, c'c'ilf] c'i_llC't'nlrlltt.'.,,.;lri:,,.;,w,illlil l'_r_,lilc'_:l_c'ill "l_illl_ill ''
_I"1'ri_llt'ri_11,Irl _._ilrc'i.lrrc'rll l_I'c'l_irilli_n l_!'i_c'o_._,lllt..',.;ilrl_l',ic'silrt' l'ir_l l_li.'.;hc'_.ltlnitl!:,,

c'_lli,icllll nilic'_i ili ii l ilu,l'i.nl_u'c'il,iltlli_lililli,-l'c,u,_.l I_,,,_,'Il_linlic'r _ll ii l_itc'll l_il_, 'l'lic:li, I11c'

ill_(_vc', Ii_ _ll.hlili(_rl,IIlc' ,'.,plli.'ric'_llsli:ll_c!(_I'lhc' silic_il llil._rc_.li.lc't,(lIIii.: ic'll(It.'llC'VIll' lllc: NI', I_

l,c'c'_111c.'c'llllru,_.:_.lwitll _ll_r_l:',iv_:l_c.'l_,,vlhill _Is_c.'i_llc_cl',,villi _lllt.,r ill_ril_ivc.'s_tlc'li li.__lillill_,i_Ll,
_ilic.'_._rlc'_irhii.lc,,_iri_l,,.'tll_ic'l',_',r_,,rlrlitri_Ic,,

• \Vc' l'_>tll'_llli_ll lilt' s_l'lllc.'s.'-;_.il'tllt' I',II'_lllIlkUs il t'Xl_C'c.'i_illvxc'nsilivt.' I,<__'.,_il_:._l_c'Iwc'c:Ii
IIlc.'n_li_Ir,lc.,ii_,.l lhc, I_ii_, 'l'licrsu,<U,al_Xc,_ill_.l_ill_x,,,,l_ilr_.ll_irlic'Ic'x _,_rilu,_Ic_ii_c,r_llc'xI_ _c,t

l',c,l,,,vc,c,rl IIlc.'I_II_ilri_.llilc' nli_'iil_Ic,_iri_.lsc'<<_r_.'II_, sllrl'_ic'c,,'l'i_ _i_.hlr,..:.',ixtllis l'_r_l',Ic'lii, c,',;IHic'llr,,.'

i_ ilsc'_lI_ w<'lli_,vc.,ii I_,,,,,,'l_._i_lc'iil]lilc'l l'_irlt, ',,vhic'hllc,ll_,,.;lirc,vC,lll IIit."t.'(I._c'i_l' lilt., .,.;_illll_Ic,

l'r_',irll_c'in_lil'Ic.'_.lclill'iii_ llic.' l_i_lislliriu,,l'_r_c'i.'ss,

'l'li_' l'irsl rc,_i.lli_r_l_lilinc'_ltixiii.17,this l_rC'l_ll'_i.li(_rll_r(_c't..,s,'.;lll'i.'Xll(_Wlliri tllu inic'rl,.'r_!,r',_,'i,_

iii i:i_, ll\-._, 'l'llc' s_iliil_l_'iii l:"i<u.,Ii\-5(_i) _,'.,'_ixlirli.,,illc,_;lI_ ii l_'_k.-l_:',,'_111c'vnic!_i.'.;tlr_.,l_c,lll _,I

2._,()nnl with _lnl,tkiS t'clti_llnc'ss _l'(),l':lt)IIlTI, 'l'hi,_ stlrl'ac'e ix c'lc'iirlv c'lll_C'tivc,,'l'llc: x_lil_l_lt:

in I,i7. !t\..$(1_) was 141it:_lllrili_ill\,hc:lit.'i',h_lviil_ _1I_C'_lk-I(_-v_illc,v Illt.'_iStll't.'lllt.'l'll Iii" _7 lllll illl(I

Jill I,t_I,'; i'(>tl!.',lli_t:__ll' (),f_2 hill, 'l'h_: ,_lii'['ilc'c'I_:_I_1_7$'ill_l_¢_il'._irl(irt.' I'iiil(l(_ill ih_ln Ili_ll iii

I"i_, lA-$(a), 'I'lli._ is I_I lh_.'I_c',_itl_al C'ili_t_c'i_l_l_linc,_l,_l,__:,_c'il_l_lil'ic'_lI_$,c:(lilll_llin _ ihc'_c'

i_c,:lk-il_-.\'_illc!\, lllc,li.,,;tlrt_illc,nl.,.4ll_ lhl_,_t.'_t' lllt_ lllirr(ll',,,; u,_c'_lin ll_t: ! Itihl_lc' _l_c'c' 'l't:lt.,,_c'l_l_C,,

"l'hc' I llll_l_lc' Ii'iil'i'_l'_ t.,llnt'lll'lil Io lhc,lr <.lc',_i_n._l_C'c'ilic:_lli_nl(1 wilhin 11 ii111,'l'hc,rc:l'_rc,,WE'

C'XI'_C'c'Iil_[il Wt.'c.'iill, ir llt.'c.'t.,ssilrv,t'tlrll_t:r il_l_i'(>vt.'lhc' t'l_lll_t.,,_,_i_['i_tli' ,_alrll)lc!._I_),_1t'_ic'll_i'
(>I"-"I(),

(ill (I_)

Ic'c'lllliclllc' iii I_rc'l)ili_.lli_ll I_r (lill'li_;i_lil I_illll_ii<_!,,
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'l'hcse first sami_lcswere prui_Iu'cclii1tllc I_I,NI.,()l_tics SII_I_,where the t_ltc,h-polishlng
tcchnkltl_: I'_r i',.hwtis tlcvel_lWd, The l_r_wedurusarc currently being transferredto our
lal'_wat_rys_ tllat that riley may hc usedI'_tltillcly topreparedifTusl[_rt-hondcds_urq31es,
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l]our_daric,,.;,"i'h.'¢s, Rev, 1140, 9993--9996 (1989),

I!, C, ,q_wa, A, Gonis, and X,..(I;, ZhIlng, "l::irst-lh'int'il_lc,sC_alct_lation,,,;of the l_]lcc,tronic.
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FUNDAMENTAL ASPECTS OF METAL
PROCESSING

,l. N. Knss (Acting Thrust Area Leader)

Overview

This year, important new tasks in multilayer science and phase-diagr!ml studies were
added. Described here is the progress during the ffl'sthalf of FY9() fox'each of the lltsk

areas. Expectations for the second half of FY90 are briefly discussed,

l_,arge-Strain l)eformation of Metals and Alloy

M. E. Kassner G,A, lh'nstudl

i

I)uclility of Aluminum Polycrystals

As discussed in the final FY89 progress report for this subtask, we are determining tile
vm'iation of the torsional ductility of ahlminum with temperature and strain rate. New,
more accurate, data have been obtained using a rheometrics torsion device; these data have
been incorporated into a new publication, which rationalizes the extended ductility on a
['uFidamental basis.

Large-Strain Deformation of AI-Mg Alloys

Significant controversy exists about the origin o1'the microstructure o1"AI-Mg alloys
when they are defomaed to large strains at elevated temperatures. In particular, a dramatic
increase in high-angle boundaries has been reported with large-strain det'onnatioll. This

has been attributed to classic dynamic recrystallization thnt accompanies the decrease in
stacking-fault energy with Mg additions. We believe that our earlier "baseline" aluminuln

resulls, which proposed the new geometric-dynamic-recrystallization concept, may be
rclewtnt with this group of alloys. A review of this suk leCt was recently submitted for
publication. Transmission electron microscopy was performe_d on test specimens that had
been torsion tested and then quenched. The results on a 6 at.% Mg alloy at 425 °C and a
strain rate of 1()3 s 1dispute the discontinuous-dynanaic-recrystallization concept for these
alloys in favor ofageometric-dynamic-recrystallization model. F;urther tests at other strain

rates and Mg compositions are currently being performed,
In a FY90 article that has been written and accepted for publication, we discuss (:)ttr

understanding of thermomechanical prtx.'essing of AI-Mg alloys in relatioi_ to the
production of supeq)lastic microslltictures.
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Steady-S_ate Flow in Ai at Ambient Temperature

Substantial experimental and theoretical controversy exists as to whether or not a true
mechanical steady state exists with large-strain deformation at ambient temperatures.
Furthermore, there is controversy as to the origin of the Stage IV hardening that occurs,
apparently, in all metals with low-temperature, large-straip deformation. The controversy
has been somewhat intensified by our silver results reported this fiscal year. Our objective
is to conciusively determine whether a genuine mechanical steady state can exist at low
temperatures and to correlate the details of the dislocation microstructure with Stages III
and IV, Careful activation-energy measurements would help determine the steady-state-
deformation mechanism if steady state is confirmed.

Several ambient-temperature torsion tests on pure Al have been performed with

ambiguous result,3. Currently, specially processed (severely plastically deformed at LN
temperature; followed by ann_ling to produce a fine grain size), high-purity Al will be
compression tested (machined, deformed, machined again, etc., to minimize barrelling)

instead of torsion tested to achieve the necessary large plastic swains.

Time-Dependent Failure of Silver Interlayer Welds

R. S. Rosen M.E. Ka_sner

qhis effort has been principally concerned with the rate-conu'olling mechanisms for

time-dependent failure of diffusion-welded--s_lver interlayers fabricatedby planar-
magnetron (PM) sputtering electrodeposition, as well as w_thhow processes other than
diffusion welding (such as brazing) exhibit time-dependent failure. To test the generality of
these results, 150-I.tm-thick interl_ayerbrazes made with pure silver (using titanium-hydride
flux a_d annealed type 304 SS and maragi,ng steel base metals), were tested to determine if
creep rupture occurs.

Figure MP- 1 shows that creep rupture is observed _rlthebrazed-silver joints when both
plastic and elastic base metals are used. At high stresses, rupt_e times for brazed

interlayers _e "shorterthan _ose for diffusion--we_ed-si_er in,terlayers that have been
deposited by PM sputtering. This restdit is c_.rs,;s_nt with the Iower ultimate tensile

strengths of brazed-silver inwrlayers compared_to those of di,ffusion-welded,-silver
intedayers deposi_ted by physical! vapor depositions. Aiso, the dam for brazed-silver
in,terlayers have hi'gher (apparent)cxeep-mpture-app[ied sla'essexponents th_n those for
interlayers prepared by PM spu_ering. Certai,n,l,y,these new data, together with earlier
observations using other processes, suggest that mechnnica_l!y induced creep rupture may
be a general phenomenon in silver interlayer join,ts _nd, probably, al_ in joints using other
interlayer materi_s.

Limited studies during the second hal_fof FYgO w_,lil_inchadie_e mechanical behavior of

gold interlayers _nd our new l:rt_ecipi_tation,-hardenedAg-1'3.5 a,t.% Al alloy interlayer.
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Failures of Metals at, ltigh Strain Rates
W. Ii. Gourdin

During the first half of this fiscal year, problems associated with the High-Explosives

Application Facility (HEAF) and an unexpected cutoff in matching funds from the Office of

Munitions resulted in limitations in the number of experiments that could be perfomled.

Emphasis was placed on analysis and documentation of work completed or nearly so.

108 ................
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Fig. MP, I. Stress vs. timc.to-rupturc plots of silver-interlayer welds.

A series of experiments was completed on electrodeposited, fine-grained, bright acid

copper (UBAC), a material characterized by grain boundaries pinned by impurities. Flow

stresses and elongations decline significantly at temperatures of 4(X) °C, but failure remains

ductile. This contrasts with the recent suggestion that embrittlement at low rates accounts

for the poor performance of UBAC as a shape-charge liner. Our data suggest that other

factors account for lowelongations as temperature increases,

In collaboration with J. Dini, we Nso tested copper electrodeposited in a cyanide

solution. The resultsrevealed poor peffonnance. This will be checked against a test on an

actual liner if it can be successfully fabricated.

We began experiments with new lots of powder metallurgy, arc--cast, and electron-

beam-melted tantalum. The flow stress is high (0.6 GPa), but otherwise this material

shows the same absence of work-hardening and low elongation at failure that characterize
the other tantalum materials we have studied.

An analysis of oxygen-free electronic (OFE) copper data is being peffonned within the

context of the mechanical threshold stress (M'I'S) model. We find that the overall stress
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changes with grain size but that the rate oi" change of the stress with strain (the hardening)
dc.es not (at a fixed strain rate) This indicate:s thai the grain size effect must be included in

the "athermal" rather than in the "thermal" component ot."ttle stress. Analysis showed that

the MTS model provides an excellent description of both lower rate data and ring data.

The.observation that hardening rate is independer_t ot: grain size implies thai the strain at

whict{ plastically unstable dcli-H'matior_ begins decreases with decreasing grain size. We

observe, however, that the total elongation at failure increases with decreasing grain size.

This suggests that the rate of growth of the necks is important. This will be l:_ursued in the
second halt' of FYg().

Modeling Non-Steady-S_ate Rai)id-Solidification Processes

,I. Elmer L. "l'anner M, Aziz*

eNrapid-solidification rn_.del has been developed to describe the formation of ultrafine

particles that occur in rapidly solidified, dilute, hyper-eutectic alloys, In the Al-Be system,

ultrat'ine Be particles (<10 nra) forrn in Al-rich alloys cont!lining approximately 5 wt% Be

when the alloys are solidified at rates >0.1 m/s, These particles have a random

crystallographic orientatiorl and a tmique rnodtdated appearance that forms in "waves"

parallel to the advancing so!idification front, which indicates that the Be particles

periodically nucleate and grow from the liquid phase during non-sleady.-state solidification

conditions. This solidification mechanism has been observed in other alloy systems and is

of interest because of the potential technological advar_tagcs that ultrafine microstructures

offer over the rod/lamellar microsmlcttlres that form in converltionally solidified alloys.

The rapid-solidification model was used to determine which of two possible nucleation

mechanisms is responsible for the formation of the ultrafine microstructures. One

mechanism is the hornogeneous nucleation of stable, hexagonal close-packed (I ICP) Be

particles. The model indicates insufficient solute enrichment in the liquid phase to

overcome the relatively high liquid/solid (I_,/S) interfacial energy of these particles. The

second possible mechanism is the homogeneous nucleation of metaslable liquid-P,e

droplets. Preliminary estimates of the liquid/liquid (I_,/I,) interfacial energy were used to

investigate the possibility of liquid-phase separation. Under these conditions, lhc moctcl

indicates stdTicient solute enrichment in the liquid phase to overcome the I..,/Lirlterl'acial

energy, allowing homogeneous nucleation to be achieved by means of a liquid-phase

separation mechanism. These results are of interest because they indicate thal the t_ltmt'ine

tT'licrostrtlcltlres only develop in those systems where the liquid-phase miscibility gap ix

accessible through rapid-solidification conditions. I)urir_g the remainder ot" FY9(), a

theoretical basis for calculating the Iii,, surface tension will be incorporated into)the model.

This will complete the initial modeling effort. Application of the model to other binary-

alloy systems witll phase diagram characteristics similar to those ot" Al-Be (Cu-Cr and

Sn-Al) will also be initiated.

* t Imvard U nivers ily.
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Incorporation of Advanced Material ModeLs in FEM Codes
, ,

G. A, llenshall _ G.L. Gondreau*

LI.NL finite-elernent codes were applied to the stress analysis of tile solid-state bonds

described above. For base metals that defonn plastically, it was found that the plastic strain

in the interlayer produced by a given applied stress is significantly larger than for a simil_w

weld between elastic base metals. As the thickness of the interlayer decreases ('or given

diameter of component section, the principal stresses decrease mad the stress distribution

becomes more unifoma. Moreover, tlm sensitivity of the stress state to changes in

thickness also decreases. Finally, using the creep law implemented as pan of this task, we

found that creep of the base metal can induce creep of the interlayer even if the interluyer

material alone does not creep. The creep rate of the interlayer is controlled by the creep rate

of the base material. These results explain several experimental observations that could not

be understood without the Code improvements described above,

Implementation of the "MATMOD" constitutive equations into N IKE 3D was

comt)leted, lt was found that a numerical integration routine more robust than "NONSS" is

necessary for the use of MATMOD in problems of I)ractical size.

Recrystallization Studies
C, W. Price

The primary objective of this task is to develop computer models to simulate grain

growth, forrnalize grain-impingement geometry, sitinulate recrystallization kinetics, and

isolate limitations of existing kinetic mt×tels. Another important objective is to develop

improv_ atomistic models based on computer simulations and experimental observations.

Two papers werepresented tit Recrystallization '90 in Wollongong, Australia. These

papers were based on the simplified computer simulation (SCS)m(×tel. A unique finding

of the SCSs is that conf'ormmace of the interfacial migration geometry to the axial-symmetry

constraint has a much greater affect on kinetic behavior ttmn doe:,; the specific geornetric

shape of either the interface or the recrystallized grains. The axial-symmetry constraint is a

novel concept that is finally beginning to reveal how important metallurgical parameters

(stlch its deforn-iation geometry tilld the itlitial grain size) should be itlc()rporated into the

kinetic models.

*Nuclear Explosives Engineering i)ivision (NEl+I)).
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High.l:'erformance Nano-Engineered Mtnltilayers

7'.l_at'/me N, Nglo, en

This ncvely funded task has the objective of exploring the mechanical and chemical

behnvior of narlo-engineercd multilaycr rnaterinls. Using rnagr_etron sputtering, wt:

fabrictlted t'rce-stnnding foils that were several tens of I__iIi_ thick and consisted of thotlsan(ls

of layer pairs to Imwide a direct cvnluation of properties.

Three sets of"cxperirnents were pert'orrrlcd. The ['irsl \VIlSir_tended to prodt_cc high-

tertsilc-strcrlgth materials, Cryslalline copper/3()4 slainless steel rntlltilayers were Inaclu

with moderate (-3%) mismatch across interfaces between the layers. Bulk ultirnntu lensile

strengths for copper and stainless steel are 35 and g() ksi, respeclively, In markc'(i contrast,

we measured inultilayer strengths exceeding IIl_lt for tlltrahigh-strength maraging sleels.

' Sevet'_ll ['actors tn_ly contriht_te loNo slenificant charlge in elastic modtllus was observed. •

this remat_kable strerlgth, inclu(ling the srnilll flaw sizes characteristic of inultilayurs, the

presence of closely SFmCed layer interfaces, and the interatomic forces across a coherent

interface, l::igtlre MI"-2 is a I IREM photo of it coherent interface between Pt _,!nd(21', The

betiding ot' the atomic plnnes is quite evident.

The second set ot"experinlents involves rntlltilayers of high purity Cu and an

atnorphc_us Cu3/Zr alloy. Foils with 35-and 5-11111Ctl revealed 15()-ksi strength with al+otlt

Nr;,_deformation and greater tlmn 90% reduction in area. q'his is an excellent col:rfl_ination

of strength and duciility.

l:ig. MI'-2. I tI,_EMpll_lc__1'l'l..Cr mullilaycr sh¢_wingben¢ling(_1nl¢mlicplanes.

'I'he final set {_t"experiments was intcnctud to assess slnc_c_thness c_ta M(_/Si inttllila),cr.

Smc_othtless is very iml_ort_lnt for p{_ssilqc.wcar-rcsistant al_plications, Mun,_tlrcmunts
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LlSinga Zh G() 55()() irltcrFcronletcr rcvcalc(l ro(_t mcun S_.l_llreroughr_css of less than

(), I rlrn arid l_e_ik..tO-l_cakof a l'ew r_rn,

'l'lic' v,,,orkin this t_l.'_khas I11(__, been c'ornl_letc,d. I lr)wove,r, v,,,einlc,nd lr, _L"'c'k

SLll)plcmcniary t'uncling Io nlgrc fully ext)l(_re lhc, lllcory, itr()pci'lics, _lT](l[ l)Otcniti_ll
(ll_l)licali(",l_ of the,,;ernatcrial_.

i

Correlation of Electronic Structure with Processing, oi' Advanced

' Sul)stitutional Alloys

A, I". ,l(ttlk(,w,_ki I', l','.A. 'l'.ruhi

"l'hc l_rin'_il:ryol't.icctivc ot" this v,,(:)rkis tc, cxzlmirle the ()1"igil'l,',,;Of l)h_lscstalqlity in illl()ys,
v,ilh Sl_cci_llc1nl)l_scs oi"1the (.',c'ctlrret_ccc,t"structural lranst'c_rmatic_n_ir_sul_stitutior_ll

(lll(v,,,scxhit:'_itir_, con_lflcx crystalline structures ar_(t(-_nlhc p(_ssibility <_tiI_r()cctssir_grc'(.:c't_lly
I)rc(tictc(.t, c_l'dcrcd' "'conilgl.ll'[lliolls in A 15-based (_llovs,

,q¢_I]_r, thcorctic';ll stu(lics lia,,,e induced dct;_iled cx;m_inatir)ns c,Flhc _rottr..t-st_tc
'

i)r_pct'lics (i,e,, ;lt T= ()K') (tt"lhc Ising l-larv_iltonian driving ()rdc,r--disc_rdcrl)hc'r_on_cn;_i.

,,\ 15-1_sc(l illloys and of the Ihcrrn(-_dyna_ic l_r(tl_crlies of two new ()Mcre(t Sl[lleS iii the

C'_tlllI')CtSiIi_)I'I t\_I_._ _lndATI?,,I_ct,_i,:lcslhc v,'c'll-kr_owr_cont'i_L_ralior_A3I._ based on lhc A 1,_
cr\'sli_llinc ,qlI'LIC'ILII'Cti.II '['= () K. I)I_ISC(ti_gr_._rnc_lcul_lti_)nsallowed LISt_ dcl'inc" the

(l_,l_in _.)fstalfility, ill lernt-)er;._tt_rci_ndconccr_lralic)n, oi" these new _;_r(lcrcdsl[lies. We i_ls_t

,..'l',lrilic(l the l)cculii_ritics c)f:l._rdcring n_cc'l_i_nislnsin cC_ml'_k-xstrtlc'ttlrcs, l:inally, wc
c_llcL_llJlc'(t(.lit't'r;.Icli(_r_l)illlcrns and shorl-r;,In_e-.()rdcr, dit'l'ktSC-,,.;cattc'rir_r,inlcnsilics (_.ls_:-,.,

t_l-_li_inc(lwith ,x-r_',,s()r ncutrc,_s) t() facilit_ltc',c()rnparis()r_with iutt_rc' CXl_erimentill
i i I\c sli_:_li()ns.

,,\ tcw s\'stc_ns wcrc sclcc'lcd in c)rdcr t__c()nt'in'n lilt' lhcrtrclici_l t'i_(ti.gs: 'l'i-l'(I _(t

XI'li( Ii[J' 'l't_in- t'il_'r_(lcpositi(tn Illls I:_c'c'r_i.Isc(l for lhc direct syr_llic,',.:Jsoi" c'rysti_llinc (Icl)__sits()t"

'l'i-.l:'(t _t 3(), 25, _lr_d2(1_t.% I:'(.t:lhcy _rc I_ein_ i:)rel:_lre(tt'(_r(_n_lb,,,;isI",yIr_nsmJssion

clcc'_l'(_nn_icr_)sc'(_l'_y('I'I!NI). 'l'hin-t'illn (tcl)osils with nl(:_rctl_ln 3?, (11.'%l-kl _ll'c

',1_x_rph__us.'l'hil_ films ot"Ga-V h(_vc bren Sl)Uttered t:rom a h(_l-pre,_sedall%, tlll'_Ct, ,&l
2() ',_(t 35 ;_t,Of(.;a, lhc dc'lgosits ;_rcmicr(:)crysl;l.lline-_lnx)rl3hoLl,_,whcrca._ 3()al..";/,,(;;_

l)ct(lilc'(l c'ry,_l_ll,_ll'LIc'ttlrc' (tclcr_3in_lti¢)n is in pr()grc,_.,;.In addition tc_lhc' i_r_grm_3

(,b.jccti\'cs, _1c_)n_l)c)sili()n-cx:)nlir_t_(_Lisseric,s ot' molybclei_tln_-u_xi(Icfilms I_s bc'cr_n_l(Ic"

t_.'.,il_:>,,lc_c't i\,c Sl)LillcrinB. (.._.\'slill li_lc slr_l(:ILircsII_lvc been l)r()(l_lc:e(Ii___l(l(lili_)l_t() ll_)sc

(Icsc'ribc(I i_lc'()rrc(.'l l_lt_lsc• (li_l_i'ill'_ls(_n(_lin lhc lilcr(_tt_rc'.

"l'hin-l:iln] (ir_wlll _in(! Mullil_yere(! Sl rl.l Cl li res

'1'. _1'. I'lltl_(:,', .lt'.

"l'llc Sl',_nt(_I'(I_','r_c'lll(_tr_tlll,'.',l(lii_lil,,_ll..b(.'ilt_r\' (,q,qRl)is bcin,, Lllilizc(I l(t slt_l','

i_t ,_'/'l_II_i_. lil_n _zr(_,,vlllil,_well ',Is t_)cl_',_ri_ulcri,,cl',lb(_r',_l(_r\,'-t_l_riu'_l_.xlrl_t_llil_l)'crs (_n(l



t

59
I)C,I D-2()(i22-!)(_- I

ultrathin t'illns, 'lllc CXl_crimcnts were just rcccntly c onMletcd, and results for/Jt s//lt

_ I' ()_ _' t 1 1 [ _ _ I' c l_rcscllted,

A thin-t'illll, !.;lmttcr-depositi_m ,'.;ystcm allowing SZtlucrltial or co-dcpositiorl of two

In_ttcrials thut coul(l 130installed in the bcamlir_e 1()-2 hrttdh was designed and constrttctccl,

'l'hisw;_sdesignedto operateat _razingx-ray incidence,withdepositionratecontrollhr lhc

Sl_ccic,',;(tt" int¢I'CSt iii (),(}5 lo 1,()r'nttnolliyers/s, I:'a,,;t,,',;olid-stalc clclectors weI'c used to

ttctcc't lhc t'ltl()rcsc¢llC¢ I'i'o111the ,',;ttl,,;tratcmaterial or the dClX;_,'.;itingactatc_m set that cxtt'r)(Ic(I

x-my _tl_sOrl_tir)rltinc structtlrc (I:,XAf:S) spectra could be gathered i11vactlUil;1,

I;or the First tilnc;in ,s'ilt_]iXAI:S rno_l.sttrcrncrits ctttring vactttltll-,'.;t)ttttcr ¢lcpositit_n o1'

thin fillllS have I'>cen llcrl'orrl_ed, Substratcs used wcrc sttpcrl-x_li,,,;lacd,f'ttscd-silica

_ttb_tratc.'.;cc;xltcd with 5() !1111 of tungsten t'ollowcd immcdiutcly by 7() ia'lcmc_laycrs o1'(?u.

Cu _lcpositit)n wzl.'.;intcrrtll_te¢l after cztch of the first 2() mcmolaycrs iN orc.Icl'Io allow

I:.XAI:"Sspectra tct be ol_taincd, 'l'llc QEXAI:S (quick-scarl1_ing I!XAI;S)tccl'lniqtle was

t, '¢1tOc_btain spcctra within ,-.21 x, mirlimizirlg corltmrlination ortho exposed surf'acc _1 the

c.'t_l_l_c'rtiltu, 'Fhe s_tta-ll_lcswere illtllnirlatcd ;it grazing incidence close to the critical angle,

\Vc cc,nlxU'¢d the cvcHtlticm c_f the strttcturc of these Cu films with rc.,.;ttlt.,.;sirrlilarly

obtllillccl c:mthe strucltlre ot" (Ttr iri W/Ctl rrlultilaycrs as zl t'unctiorl of Cu lhickricss, and _tl._¢)

with lhc struc'tur¢ ot"SClmratcly prepared, single (Itr 0vcrlaycrs orl W covered with a

l_r_ttccti,,,cC lzlycr.

"l'hc._crcstnlts ctcti-ic;_nstratc_lcapability tbr clc_itlg .'.;urfacc structural rllca.,.;tircrr_crlts(_nzl

timc._c'.Ic' of .,.;e(:(:,n(.l,,.;l'(_rsttb-monolaycr coverage,'.;, In the prc,,.;cnt(.'ase,this allows t_ Io

I(_ll()w lhc' c'v(Httticm (_t sptittcr-grctwn films undor c'lc'.m_,tliaccmtaminatc:(I c:c>ndition._, In the

gc,wrill sc'_;c, laowcvcr, it itr_l'_lic'sa CZllxtbility for .,.;tudying .,.;urtilcc ,,,;trticturtr.,.;as _l t'tlr_ction
_I"thiuknc's.'.;, titvlc, (_rc'l-iclnicztl c(_nclition,',;.

A sc)t't x-ray tluorcsccncc I!XAI;S tcchnicltiC that grc;ltly siml_lit'ics thi.,,;C×l:_erirncntal

pr_)ccdttrc wu.',;(Icmc>nstratc(l, Data cm a wide rangc of clcrncnt,,.; at their t<- and

l_-al'_sorptic)n edges wt:rc _lCcluire(I. These results indic'atc that Qf'XAF:S stu(:lic.'.;aro also

l't_)ssiblc ;.ii c(.lgcsof l()()-cV tlarcsholcl or higher tl,,,;irlgthe new detector system _ll'l(tstaic-_,l-.
ihtt-;.iri, s(_t'tX-ray Syllchr_.Hron,<.;ol.ircos,These Sotlrccs inc'ltidc our be;.inllino _-2 ,r'g(]M

.,.;c)til'ccti.illd tlac beaIYilii_c 1()-1 S(;M to bc insiallccl as ii wiggler side station (luring lhc.'nt_'xi
nint.'.ill()ilttls,

Irl ,',;tlllllll_.il'y, lhc CXl)c'rirnc'ril;.llresults ol;tillined dcmonslrato tllat illirl-l'iliYl gr(twili n_iiy

ht.'stticlit_,(tclyn_lirlicatly t'i'o111its carliost ,'.;t;.Igc,,.;_ltphc>ioncncrgios of l ()() eV l() 4() keV,

"l'hi._t.'rial:_loslhc' Cll_lr_ic.'tcriz_.lti(m(_t"irlicrt'_lccs ;.isliicy {ll't.t.t'oriile(t iri _.1systematic 111_inllc'l'

lh;A!will _lll_,,,,,_.lnil_--_lcpthUllClc'.r,_tandirlgof the n_llurt_(:ii"inicrf'l.lccs Io t)¢ (lt:,vc.'l(_l_t_,_tfr(_i_
b_.>thslrtictur_ll iintl t_it:circ_nic-,<,;Irtlc:ttlrol:_t'rsi_c'ctivc','.;.
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PLUTONIUM

I.,, R, Ncwklrk (Thrttst Area Ix, ader)

The plutotliutn thrust wns rel't_'.used somc.whnt at tile stnrt of FYg() to increase the

research effort assoclnted with the t.,nboratory's enllnnced slll'ety px'ogrnm, This wits in

x'espoiase to the high pxiorLty estnbllshed t'or this aren by both DOE nnd the l,ltbox'tttox'y

Dh'color nnd concentrated specil'lcully ota establishing ii scientific understanding of tile

corltninmeiat of' molten plutonitlrn, To nccompllsh this, el'l'orls in plutonturn-del)Osltioil

technology nntt thernaodytlanllc px'opcrties of l)ltltonium compounds wex'e dx'oPFmd, nnd

naodilqcltttorls lo the direction of the electronic-structure tnsk were rnnde, "l'he liqtlkt-metal-

induced embrittlement task wits expnilded, und two new tnsks .......solid-metal-induced

embrittlement and advanced multihiyer co,'ttings .......were funded, In Itddition, nlthotlgh

unrelnted to enhnnccd safety, work on the F'Y89 project I.,1,'edttctlOtl of PuO 2 wlis bx'otight
lo a successfttl c{mclusion,

The objectives and rntionnle for each task mid progress to mklyeu.r nrc discussed below,

with tlm exception of Solid-Metnl-lnduced Enlbrittlemerlt, Unc×petted commitments

elsewhere left this tnsk without tile retlUlSite scientific expertise l'or successful execution,

Thus, it was tcnninnted nt its stnrt, with part of its resources chnnneled into other frisks in

this thrust and tile rernnintler returned tbr use on other projects, A smnll alteration in the

experimental plnn for the liquid-metal tnsk is plnnrmd to give a very limited indication of

wllere the solid-metal task might have led,

Liquid-Metal-Induced l{mbrittlement

G, (;ulh'gos ,I,Iluang

The attack of liquid nctiniclcs cm ret'rnctory metals can be classified into two types'

(1) intcrgrantllar attack and (2) rnpkl unitbrm dissoluiiorl, The study of attack under

upplied stress is also important, lt appelu's that tile addition of a tensile stress tun

substantinlly accelerate the localized penetrntiotl at the grain boundnries, through either

acceleration of an existing naechanism or iiltroducticm of a new one, In ltle tbrmer, ii will

provide additional insight into unstressed corrosion; irl either case, however, it is an

important effect lo urldex'stand in designing alloys fox'penetratioil protection, An ixnportanl

objective of this task is to nllox'eprecisely determine the nature t_l"the stress-assisted

(tegrndatioil l'ffleiioirierlorl of liquid-iictinide/solid-ret'riic.l.ory-rrletlil couples lind to qulintify

the applic,atfi lily of gc:ner_llliqtiid-i'iietlil..iiidtic, ed embriltlemeial.

We are coiltiiliiillg t(_study the Inech_lilisms of liquid-U _,.illlickon "l'a alloys and W

tinder stress, Previotis resulls had shown thnt l_olycrysinlliile Til and W were embriiiled by

liquid I..Jduriilg tensile lottditlg +lt 12()0 °C und tit strniil rates between 10.5 and 1()-2 s"1.

The ernbrittlemc, ilt was itssocinted with ,,'cry flisl irilergriinuhlr pelmtriitioi'l (ii" liqtiid U, We

also reported lhat sii_gle-ci'ystill 'l"a wits not eirlbritlled by liquid U.

l)urirlg this report peri(ld, we examined lhc tCllsile behiivior ¢:lt'single-crystal W iii
litluid {J ai three ditTererll str_.iinrliles, 1()2, 1()"3, _,irid1()"4 s"1, As observed for "I'll, tile
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single-crystttl W <:lidnut e111hritlh.'when su'hilledtn the pt'esuilcc_t' liquid U, Ali tilL:
snllll_lustested t'niledlit'ifr slgnlficttnI cl_m_Uttion(I,'i_!,,P-I)lind nuckcd iu shltrp c_tgcs 'l'l_e
slllnl_lushltcltri li II orlunltttiull tthmg the tensile tu',is, Anttlysis ur the tcsludsmllplcs
it_¢lk.'tttudIht_ithe t_purttllw.',slip systullls we.rct_l'lhu I lll ]{ 112} type, 'l'hts l_ctmstsle_ll
with resultsin the lJtcrttturefl:>r,mm_l'_lust_.:stcdin vttcUum, W_._ob,_urvcdthnt,_Lmleliquid LI

hml mi_,rtttud into IItc.,',;ttrnl_le.ttlong di,'doctttion..slil_ldttne,',+,II tony be suggu,,+t<.+'dthnt tllesc

LItttt+_t'nst.tt'eswept into:>the ,',;tirolfitby tl1+n_:win_ ¢Ii,,,;loctttir,'_,,+,'l'l'_e.intrusir_t+s,,yore very
sltttllow iutd cttusud rio si_ntl'iutt_tt+rnbrtttt+mer_tuI' th+ mm_ptus, 'I'ltc,_ut+usultsiu'+ further
uvidunc.r.:thttt thu tneuhttni,,.+m_d'enfl:_t'Ittlut;_untot+survud in thu IXdycrystalline 'l'tt tinctW i,,,+
nt+tthu uhts,,,+icttllklt_h.l-rnuttduml+rittlemunt (l.,Pvil+),l'or whicll tyl+icnlly tl+utt¢l,,.+¢+rl_tionoI'
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_tlst_stu¢liu¢l, l'ruvicm._ly, rc.,.+carchur.,,++trl+_sAtttll+¢_sNatJcmnl l,tll'_t_rat¢_t'y(I+ANt,) lltt¢l
tUl+¢+rtu_+lthat tlli,_ttlh+y Ita_l_.,t_t:_lrc,',;J,";tttltcc tt_ li_.Itli¢l-+l:'ul+unctrntit_l tlIldcr strcss-l'ruc
ct_ntlitit_ns, 'l'w¢_xtti+_l+lustd (+l"X-'l'_t(t+nci_ta.'.;-I+ecuivedut_Itl-.w¢_rkctlct_nditit_ _tn¢lth_:
+_tl_urtt_ncalc¢l li._rt_Ilc llt_ur III 17()()"(i')vvcrc tustud ii+li_itli<.ltl +tr12(X)"(' tllliJ ill ii gtrltin

rate _+I'XYII) .+_-I, 'l'hu ruxtllt,',+it+¢liuatt.'that l+t_thxatt+plu.,,;wun., cl_lhrittlu_Ittn<.ll+aitu_lwith

(+nlval_(_ut 2rY+,t()t;_l el()l_+.tti(_I1, ct)t11I'_atc(J tr) 2.5 tr)?,()r/+, irt vncuti+_1+ l"+,)rtlilnll(Lvc¢l'l'a
(InatIc hy ulcctrtm+ hcttl'_ n_¢ttin__,,),thu Utti_niltu tc_t,'.;Jlcstf'un,lh tlllt.lcr tllC ,',;atnc tcstJn_

<.+'(_i+¢lilitmin li¢It_i(ltl wa,,.+hutwuun 5 ail(l I() Ml'a, ttlu.ltl;u tt_tnlCl(_llt',tttJ()I1 V,,'tI_"+Ir,"_,,lt
nl'_l_UaI'xtl_attilt.:(II'X+'I'++i_ tu+Iv.._livhtlvI<..ticI,_ +' '" tl;nlt l+tlt'u'l'a irl tt.+'rt_ixt_l'tu,',+i_ttt_+cut_>Iklui¢l

tlu__l_ritllc_iiunt.N'lut_tllc,t,,rald+iuttv+aly._i_c+ltl+ctu.'<tucl,,<l+uuiltlunt_ltl_cav_rw+tluclsav_il+l+,.'

ilu.liuatccltIlatthenluuhntiisvnc_I"I'ailt_rcistilts:ttl_ctrxiiitriJl_thei'_tlru'I'u(J.c.,y,rttJr_.
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systems in which the mutulil solubilities between the liquid nnd solid metals are very small,

A sc:c.',(lildtensile test, Nb lil liquid Pu, hns just been completed, The tlliill-i_.llo teNsilt: stress

,WilS also very low on lhisspocinle,ii,

Advanced Mullilayer Coalings
,I, C. Farnier 1', (I, Curli,v !¢, S, .llintz
R, L. Krueger

'l'hc use of rnctlil/rllcta!-cnrblde rntlltihlyur technolc)gy provides lm excellent geometric

ltrrilllgelllOlll for studying tile mcchiullcs of iiquhl-mc.ilil perlclrlllion in c()illl}(lsito SII'UCItlrL',S,
'l'he (tissoltitioil tllong grnin bouridnrics in the molal, lllorlg lhc metnl/motal-cnrl_iclc iillort'ac:c;

illltl ihell through crlic'.ks ill the inoil.ll c',m'bido,is i.lpotei_tiillly irii0rosiing n/ochlini,v,ill Ici
sltidy,

Multilliyor Iochil(il(_g 7 provides II we,li-dot]ileal illliinale iiltert'iicc:, iildcl)c',ndenl c'onlit!l of

individual layer lhicknesses, and the potential f'or proslressing by control of deposition

ieillporlll.ure, Iii liddiiion, ltlo gooliloti'ic t'llctors associliled with ttlc i:}oto',lliilil liquid-

pcnolrniiori route present l.inopporttlnJty for li possible breakthrough irl the tist.;of coalings

for coniairimont tochnology,

Two types of mtiltilayer coatings lil'O being considered for npplic',aiion lo tiliiick by liquid

pl uionlt.inl, The inultilliyors lire either l,lliei'naii ng l.uilgslen lind TI.iC liiycrs or l.lllerllIili ng
tnnlnltiill and TiiC lnyers, Ali three consiilucnls .......l.ungstcil, l_Ji_ialuinnnd "l'a(.7.......iu'o kilown

lc>tinvo gc×)(I resistnnco to pll.itorllunl tlttnck, Since "l'aC is not wet by liquid l)lutoniunl,
plulollltlill i'll_.iynot poiletrl.llo lllong, the ltingsle,n/rl"aC inter[lice, l::tiriht.;rillore, ii is well

kilown lhc.itsonle froo-slaridiilg, rllultilayor filrris exhit)it tintistllilly high tensile slrci_glhs, _lil

or(lcr of magnitude gl'Otitor than the strengths of tile constiluents, II lllI.ly be, possible lo

fabricate high-strength muliilayor t'{lins thnl Iii'c.resislant io allack by liquid pluloniuin,

We have developed a two-source electron.-bealn evapornlion technique for the

production of these multilayers, Thi!; system has bc,t.',llused to pr(:_luce several protl:_tYl)C,,

coatings that are composted o["ii_dividual layers of tungsten, tantilluln, nnd TaC thai nrc

12.5-, 12,5-, and (),5-1.1ni thick, respectively, 'l"ypically, the stibstrnte teml)erilturc is

13(X)°(2 during condensation ot" tile tungsten t'ilrns, 1350 °C during condelisation of

tlintliluin films, _lnd900 °C di.iring condens_ltion of 'l'a(.}. films, Rates ()t"(lel)Osilion oi tn_ih

tungslon and lilnialtiin layers i.ir¢-25×1() 2 nrn/nlin, [il conlr_lst, the i'{ite of dep(_sili_n for

'l'aC is lx 1()2 nlll/illin, The deposition pr(x.:esswas initially developed (:iri Flat stlbslrl.xtc'st(_
establish the process pararnetel'S,

A typical rnultilayer of W/I'Ii(7 is showri in Fig, P-3, The trtinsition t'r(liri Nai

substrtiles tc)the inner surface cii"snlall-dialilclt:r ([ ,9 (:in) heinisph0res has bet:li

,'.;uccessl'ullycarried oul, lind slinlplcs of WPl'a(._and 'I',:i/'l'aC lu'e reli(ty t'(ir plul(miunl

CXl)OStiro, l lenlispliercs were Jly(.Jrt_l'orrllcdtr(lill tilritaluill ,,',llut:ts,;.lnd the iilsidc' surt'_.l.c:c

wlis prepared for conlirig by rough polislling,
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F'ig. 3. Oplical l)hol.(mlicrog,aI)ll of a W(2() !LIm)/'l"aC(0.5 p.m) multilayor proparo(l by olcctroi_-boam
cvaporali()n.

A testing assembly has 1L_endesigned and fabricated to allow three specimens t0 be

exposedin mach experiment. Careful consideration has boerl given to the potential oft'ect of

iml,_urities in the ftirnacc ati'rJosphere. "l'tie OOilCt_rnexists that gettering c_t'a poor t'tirn;,tco

vacuuiri by the l)u charge could Form an oxide skull on the charge arid alter its iiliCractioii

with the coating. Each set of lhrcc saiTiplos will contain a staridard, and an extensive

Otligassing pr(_ccdurc lt:)r the ftlrnace will Ix; carried ()tit, lr the rel'crence Salllplc's indicate

thai this is insult'icienl, the Fixture design will allow hermetic sealing by welding, followed

by outgassing arid a t-'inal pinch weld on the ot.ltgassirlg lubc. lr required, this proccdLlro

will CllSl.lrc ;.ihigh-pui-ily atiri(>si)hcre t]jr thr.' tc:st, bul the much nloro extensive l_rcparalion

litl}c \,<'iii cc_i_si(tcrably rc(ltlC't,' lhc ilulnl-_er of test sarllples.

In additi('m t(_ dinx't ]:'tJ-surtacC tests, some ot" the films will bc scritx_'d so thai c(.Igc

'attm:k can be, inx'cstiyatcd. II the tl-lat0ria]s perform we,li in these itlitial lc'sls, wc will stri\,c

l(i ing.iko films COmlX_._cd(,f" ihiilncr iildi\,idu_ll layers so tll;,il high tt_'nsilc strcngll'ls can bL'

act_icvc(I. "l'llis nlllV rccltiirc thai c(_atii_,s bc l_rc_duc:,cdby sptlttc:rirlg with mtlliiplc guns,
_lilctIll[IVI-lC (,tClile in c'(dlalx>rati(_il with '/'. 17art)(;c,
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Plutonium Alloy Stability
A, Gonis

The primary objective of ttlis task is.tile ab initio calculation of stable structures of
plutonium with it variety of second elements such as Al, Ga, Si, Am, So, Np, and Ce.
While notrelated to enhanced safety, these are an important vct_icl¢ for improving and
expanding the development of electr0aic-structure calculations. In addition, they will
provide an understanding of tt_edriving mechanism responsible for the l_wgenumber of
allotropic Pu phases and for the stability of alloys of Pu with other elements. The study
consists of examining madcomparing the energetics of vitrious Pu-crystal structures as well
as treating binary alloys. This task was also originally intended to address the application
of electronic-structure calculations in support of the solid-metal-embrittlement _taskby
studying the effect of adsorbed atoms,a_ a crack tip. Unfortunately, the calculational
fomaalism cannot treat the disorderassociated with a liquid-embrittlenaent process; thus it

will not be undertaken at this time. Currently, tile major effort is the improvement of the
KKR-CPA codes that were developed within a relativistic formulation of multiple-
scattering theory to take into account the rearrangement of electronic charge taking piace .

upon alloying and its effect ota ohm'ge self-consistency.
During the past four months, effort has been concentrated in attempts to stabilize the

version of the alloy code that treats the alloy charge disuibution in a self-consistent manner.
This wo'k is being done in collaboration with P. Weinberger (Vienna). To date, we have
calculated the electronic structure of Pu-Am alloys at ztspecific concentration, but the self-
consistency loop is still not satisfactorily stable. This problem will be discussed during the
week of May 1, when 7'. Gerais visits Vienna.

The calculation of the electronic structure and energetics of the various crystallographic

phases of pure Pu will begin ii: May and is expected to be finished by midsummer. As far =

as we are aware, these will be the first calculation of the electronic structure of a

(monoclinic) Pu, with a dense mesh of k-points.

f Pl_ithium Reduction o uO 2

M. Cool)s

|

The majority of this effort was carried out under midyear FY89 funding, and resources
from the Pu thrust served only to wrap up the project. The goal was tO experimentally
investigate the thermodynamics of the [.i--Pu-O systcln to assess the feasibility of l.i
reduction of PuO 2. 'I'hc project demonstrated that ttlc ,rcduclitm c_c'curs with the t,r(×tuction
of alpha.-F'u and further that partial phase separation {_ccursunder normal gravitational

forces. A detailed report of this project has been conq_lclcd. [
z

Publicatiuns

J. S. t-tuang and G. F. Gallegos, "Embrittlement bv liqtlid U in some group V-B and VI-I?,
metals and alloys during tensile loading at 1.173K," submitted to Metall. 7"ran,v. .=
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Presentations,

l-,ormatlon of niobium carbides in high-dose carbon-ion-implanted andJ. S. Huang,"_
annealed niobium," Materials Research S_x,'iety 1989 Fall Meeting, Symposium A,
Beam-solid Interactions: Physical Phenomenon, Boston, Mass,, Nov. 27-Dec. 1,
1989. '

J.S. Huang and G. F. Gallegos,"Embrittlement by Liquid U in Group V-B and VI-B
MetalsDuring 'Fensile Loading at 1473 K," Symposium on l..,iquid Metal Surface
Interactions and Corrosion of Refractory Metals in l_itluid Metal Systems, 1990 TMS
Annual Meeting, Anaheim, Calif., Feb. 20, 1990,

J. S. Huang, "mechanical properties of carbon-implanted niobium," Symposium on Thin
Films: Stresses and Mechanical Properties II, Materials Research Spring Meeting,
San Francisco, Calif., Apr. 16-20, 1990.
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SYN C n ROTR ON-R ADIATI ON. B ASED
MATERIALS SCIENCE

J, Wong (Thrust Area Le_uter)

Overview

The objective of this thrust m'ea is to understand the role of structure (atomic and
electronic) in detemfining the physico-chemical properties ot"materials and their processing.
The tasks defined in this thrust area take advantage of the various unique characteristics of
synchrotron radiation suchas high intensity, high collimationl high polarization, and
broadband tunability vacuum ultraviolet (VUV, to hard x-ray) to probe the structure of matter

. on an element, selective basis at different levels. The research areas involve both expansion
of our existing capabilities in material characterization using these powerful photon sources
and development of new capabilities(a) to probe dilute species in bulk materials, (b) to
detemfine geometric and electronic structure of surfaces and interfaces, and (c) to unravel

chemical dynamics of reaction systems in situ in real time in the second to millisecond range.
Highlights during this reporting period were:

• Achieved a time resolution of 10 ms in the diffraction study of Ni + Al reaction with
a focused beam at the National Synchrotron I.,ight Source (NSLS).

o Successfully installed a second position-sensitive ph()todiode-amiy detector to
double 20-space data acquisition in our time-resolved x-ray diffraction (TR-XRD)
measurements.

• Stabilized powder surface to maintain q-2q position during in situ combustion
during TR-XRD measurements.

• Confimled fomlation of intermediates in the Ni + Al reaction.

o Obtained new microstructural data for resorcinol-t'omlaldehyde aerogels and an
aluminum multiphase alloy ftore small-angle x-ray scattering (SANS)and
tomographic experiments, respectively.

• Constructed and demonstrated use of a load cell to perform in situ tomographic
images under tensile loads to 10() kpsi.

• Designed and successfully installed a new capability for quick scanning ot'exlendcd
x-ray absorption fine structure (QEXAFS) at beamline 10-2 at the Stantord

Synchrotron Radiation Laboratory (SSRL) to perform tilne-rcsolved x-ray
spectroscol)ic measurement s on phase Iran st'ormation and thin-film depos ition.

, Completed construction of chamber for i#lsitu thin-film depositioll with QEXAIVS.
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Time-resolved Diffraction and EXAFS Study of Solid
Combustions

J, Wong E,Larson ,I, Iloh
P. Waide B, Rupp R. l"rahm

For the combustion reactions of Ti + C ira the presence of 25 wt% Ni, 2(X)scans were

made; each took 200 ms, so the total scan time for this experiment was 40 s. From this
sequence of time-resolved diffraction scans, we lem'n that the first step in the combustion
process is the melting of Ti particles. Subsexluently (within the same 2(X)-ms time frame),

the molten Ti reacted with the solid carbon panicles to form TiC. lt has been suggested that
the mechanism of reaction is one of solution-precipitation rather than solid-state diffusion

through a growing TiC layer. In this mechanism, the carbon dissolves in the molten Ti and
then precipitates out as TiC grains that grow in size with time, The total reaction time for
the complete formation of TiC is within _+0,2ms.

In the formation of NiA1 by combustion synthesis, we discovered that the t'orrnation of
the NiAI intermetallic compound is a complex reaction in which the product phase does not
appear until approximately 30 s after the passage of the combustion front. After the Ni and
Al reactants disappear (<3 s), a number of intermediate phases are observed before the
NiA1 product phase. The occurrence of these intermediates was confimmd in our second

run at NSLS in December 1989. By using a focused beam, we were able to reduce our
scan time from 50 ms to 10 ms.

Partial melting of the surface of several samples introduced atmuncertainty factor into
the analysis of the data for the Ni-Al system. Therefore, it was necessary to conduct a
detailed parametric study of the Ni-Al combustion reaction. By using a Ni powder with an
average particle size of 5 gm rather than the 20 _tm used in the first experiments, we were
able to fabricate samples in which the surface did not melt during reaction and tlm 0--20
position correlation was maintained.

We have also performed a third group of' experiments in which we used our new
QEXAFS scan capability at SSRL to monitor the site-specific chernistry of Ni in the Ni +
Al reactions as well as W in the reduction of WO 3 by Al. In the rorther system, the Ni K-
edge XANES spectra were recorded every 3 s with a view to following the chemical
changes at the Ni site from the Ni-metal reactant to the final NiAI product through the series
of reaction intermediates as observed in the TR-XRD experiments in !he afterburn region.
More interesting is the result obtained by monitoring the reaction at constant energy in the
time scale of 20 ms. In Fig. SR- 1(a), note that the feature at 8381 eV for the Ni-R:c metal

is u'ansfomaed to a minimum in the NiA1 product, which is bcc in structure. By monitoring
the intensity variation at this constant energy, we were able to tollow experirnentally the

kinetics of the transfonnation of the Ni-fcc reactant to the bcc NiAI product, The l'esu]l is
shown in Fig, SR- 1(b) together with the temperature profile measured in situ and
synchronously. Analysis is underway to elucidate phenomenologically the kinetics of the

Ni + Al reaction. Similarly, the W L3-edge white line was used to monitor the reductio_ of
WO 3 to W metal by Al.
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Fig. SR-I. (a) Ni K-edges XANES of nickel metal (fcc) and NiAI (t:w,c');(b)T(Hnperature and NiKa
fluorescence signal at constant photonerlergy 8381 eV as a function of time in the reaction
Ni+Al =NiAI. ,

In a laboratory experiment, we successfully demonstrated the use ofan inl'rametric

carnera to record synchronously both spatial and time-temperature profiles of cornbusting

specimens, This new lR capability will be irlcorporated in our future TR-XRD studies in

the coming July run at NSI..,S.

During the rest of'FY90, we plan to'

• Cc_rdinate an inframetric camera with our high-speed diffractometer R.ir

synchronous temperature-profile measurements with TR-X R I.) scans.

• Complete 20 scans with both detectors for the Ni + A1 reaction to attempt
identification of reaction intermediates,

• Perform time-resolution diffraction measurements on Ti + C (<:1()() ms),

. Initiate a TR-XRD study of new systems:

.... WO 3 + 2 AI = W + AI203

- Ta + C = TaC (no liquid phase)
I

- 3 Cu + 2BaO 2 +-3-Y203 = YBa2Cu307
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Thin Film and Interface Structure

Photoeniission Study
,I, Tohin

A photoelectron-diffraction study of Fe/Cu(()()I ) has been perl'onned. This includes ii

feasibility study for spin-dependent photoelectrorl diffraction that will allow a determiimtion

of magnetic as well as geometric structure, In collaboration with V, Colin and P. A._

Alivisatos (UC--Berkeley), rnonodispersed CdS clusters have also been examined for

quantum continement effects such as valence-band maxima shifts with cluster size using

SR photoemission. Also, a high-resolution photoemission study was pert'omled on

untwinned sii, gle crystals of YBa2Cu306. 9 in collaboration with other LLNl_, personnel,

V. Z. Liu (UC_-Davis), and C. G. Olson (Ames)to probe the Fermi surface and valence

band ctispersions in this material,

During the rest of FY90, we plan to continue the studies listed in the above three series

oi'experiments, in particular utilizing bearntime at SSRL during the April run,

Thin Film (;rowlh

"1".Bar/_,,_,e R./;iratmi P, Waide

¢ ' r 'A sputter'deposition chzmlber with in situ x-ray abso ption spectroscopy (XAS)

measurement capability using a glancing fluorescent detection mode in situ in vacuum has

' been constructed. The chamber will be tested in the April 90 run at SSRL to study tlm

nucleation and thin-film growth using the newly installe d QEXAFS capability at beamline
10-2 at SSRL,

Our plans for the rest of FY90 are to

• Perform in si/u extended x-ray absorption fine structure (EXAFS) measurements

during thin-filrn deposition by sputtering,

• Analyze data from the Apiil 90 e_,:periments.

Advanced Microstructural Studies

• J. I!. Kinney U. Bonse* R. Saroyan
, **

M. ,Stock

During the sabbatical stay of Prof. Borise, we were able to carefully analyze the SAXS

results obtained using the new point-focusing camera. The results indicate that there are no

size structures greater tMn 40 nrn in the resorcinol-formaldehyde aerogels; that information

has now been related into a chemical growth model for these gels, Also, we reanalyzed

data taken from the Stanford run last year on an alunainum multiphase alloy and dctemlined

that we can resolve individual grains (101-15 btm) and the precipitated intermetallic phases.

• University of Dortmund.
• * "' rGeorgia Institute of Technology.
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That this can be done three-dirnensionally and nondestructtvely Ms inaportant implications
for rnateri',ds processing and control,

We have demonstrated the application of ata in situ load cell, constructexl by our

collaborators at Georgia Tech, that has successfully allowed tomographic imaging of
samples under tensile loads up to 100 ksi, This will allow us to address problerns in crack
closure, This demonstration was witnessed by representatives of Boeing Aerospace, who

are interested in funding this project, Ttm LLNL Public Affairs OI'rice is preparing a
publicity release, since this is the first insitu experiment of this kind ever performed,

We have established an in-h0use tomography capability in building 241, Using this

laboratory System, we have dernonstrat_ 10-I.tnaresolution in composites, We have
observed fibers breaking under load before matrix failure in the aluminum-matrix, SiC fiber

composite materials being considered for' the l-typervelocity Civilian Transport project
being funded by NASA,

During the rem,'lincterof FY90, we will:

, Write up papers for the above tl,.reeactivities for publication, Ata instrumentation
article ota the laboratory tomography will be prepared t>r the,lourtlal of Materials
Engineering,

• Conduct high-resolution imaging in the April run at SSRI,,

Site.Specific Chemistry
B, Rupp R, Frahm E, Lurson
,I. ilolt M, Weber .I. Wcmg

We have designed :rod successfully installed a QEXAFS system on beamlinc 1()'2 at
SSRL to enhance our XAS experimental capabilities in the time regime as described earlier.
XAFS spectra of the Nd3+ I-4 transition were recorded in December at NSI.,S tbr several

additional co-doped silica samples and tbr several representative l_ser glasses, We now

have data on Nd-doped SiO 2 prepared by various techniques and for Nd:SiO 2 co-doped =.=
with Na+, B3+, AI3+, La3+, I:I14+,Ta 5+, and F'5+. Differences are readily apparent in the
XAFS spectra. To complement the XAFS data, we also completed recording optical-
adsorption spectra of Nd 3+ for ali of the above samples and for ali fluoride glasses for
which XAFS data were recorded earlier, Of particular interest are the intensity of the

transition at 580 nm and the. splitting of the 4F3_ state, both of which m'e sensitive
indicators of changes in the disorder and asyrnmetry of the local field, Lm'ge spectral

differences are observed depending upon the concentration of Nd and the nature of the co-
dopants, From these results, we can begin to tailor optical properties by the selection of the
chemical composition of the lanthanide co-dopant cluster,

To e.nhance our analytic capabilities for structural deterlnination from XAS

experiments, a number of application programs have been developed:
• A mapping routine into the EXAI-,'Sfitting software thal is employed 1ostudy tiae

local environment of lanthanum in potassium silicate glasses,

• A two.-dinlensiorlal contour,.plot prograln for dift'crence Fourier analysis of
diffi'action spectra using VAXI DL on (?MS I VAX,
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• _I_XII!! .....ii micr(_conll._Utc, r ]_r(),_rilill f(w thu calcullition (_t'c(_(w(.llnlliion shc'll,_ iliiti

gc'(Hnclric, s, 'Yh/,_l_r(;}gl'liillwill ,_orvotiwil.l usct'ul tool ['cir c(.llnl'liiring c!(;)(lrdirllili(_n

gC;Ol_lc'li'ios in orclc',r io C'._Ir_ictt:'Xllorifrlcntiil lib!isr -. stlil'l._ ni.'o_lc'.d,l'(wotlr sltitly (;_1"

Cr-dOl_Odl_isor i'lll.llt;i'iills,

l)ui'ing lhc'. rc:si ()1"I,'YC)(), wt.', pllln Io:

• (7oilll)lt:'Io clclcrlnill_lii()ll oF Cr 3+ sili_ iri l_,i{]aAll_6,

• 17ic,giil cloi_lilc'cln:,,_(Iclillg of the Ioc'iil orivironrllont oi Nd 3+ in siinplc SiO2' in Si(.)....,.
c(_-dOl_Cd with vliri()u.',; mo(lit'ic_rs, liri(.l in silic_lie liil(.l'l_ilOsl_haio gllisso,',;,

,' l'rcpm'c _lri Insliltiii(in_ll l,Ic,sl._irch lind l)ovclol)mont (!R&I)) l_rOl_OS_.lll()use;

(,.)I_',XAI;S Io slticlv _lv_lriC'l), Of solid--Sl_llO rc_lcli(_n kinolics,

Y1166

,/, ll'_,tll,, 7',7'atlaX:a* (;. Stiimkavel,, ,
M,/i'ckart /, Rek R, [t'oli'flll

Syl_i¢lar(.)trorl i(H_ogi'til_laic L'.Xal_inlili(;'_llS OI lai'gC Y1_66 cr),s{ill,,,i (1 (._il-itli_l,x 5 (.,ill long)

_l'()Wll l'))' /Jt', 7'a#laka ii_clt;,¢cli'c'.vt.'.al_lsillglo ci',ySlill of go(>(l tltilllily Iii iiw, st:'t;,doriel, "l'his i_

very Ol_Ct)l.ii'_i_ii_g_.t;_clis tl li{.'.c_s:;_.lr),l)rcrccltiisilc for l.iso o[' lhis n_l_iloi'i_.lla,',;1Tl(ln(ic.hrol_l_il(w

in lhc s()t'i x-i'll), i'¢_..i(.)rl, l!xl)c'riirlt;rlls Ilro bc'irig scllc'.clulccl iii lhc oiicl ()t" ll_o April rtlll al

SSRI, i(_ i'llcllsurc I'(.)Ckill_ curvL's ()t' ihcst_ crysials with lhc synchr()lr()n bo_.lill in ihu.

1- lo 2-keV rc'?iOl_, 'l'hi,_ n l_ilc'.rial is _l l_Oioi_tial sul),',;titl.ito for boryl in the l'osl t:_r()griim,

l,-l)ivisi(>n Ill.is c()l_iniltocl $33K this fiscal $,o_iI'i.lll(.larl(;)lhcr ,-,$1()()K iii FY()I Io(.'.()nlrllcl

wiih l!(]c_(] (Sallt_.l l}iii'[_lcir;.i)I() gr()w sint, l(; crysl_ils o[' Y1;J66,

()til' t)lcins t'(w lhc'. rt:'ivi_linil} 7 l_li'l of I;YO():

• l'rcl)_lrc' r{lckirlg-ci.irvL', cIl_.lr_.lclcriz_tlii)rl (ii' Yl._(7_,

• (]r()w YI}(, 6 t'r()rrl c_lrl_()ii-.t'i't_c I:)()rorl I)o'w(lcr,

• (7(_nsult l!(l&(i ol'i Ylt(.>(>ci),sl_ll gr()wlh,

l'ulilicati(ins

I_,, l.)iluih, 1:', Srii, B, Rtil)l.i, W. (]ti_l_ll, (7_Ii,7,icglc'.r, an(_t W, (17i1_.',1,"N(_n-
SI.il)c'rc()ri(ltlclirl _ {lllcl l,_uilciurt;'t.IStli)crc()il(.lticlin g 'Y'li,_i2(Ti.13()7.x',lin IiI-Sill.l
l'l_()tcic,lnixxi(in ,Slutlv,"/, f'h>'s. 1_1,C'_mdensed Matter, ii1 I)i'L',',:,X,

J, B, I1()11, ,I, W()li_, I:_, l.,cir,',;()il, F>,Waiclt_, B, R,Ul'll), l.lnd R. l:;rlih111, "A Now
l!xl)crii_cnlal A[)l)i'();.ictl l() .Sluciy Solid (7oml:)ti,',;li()ri Rccicli()ns {J,',;irig Syrichr(_lroil
l<_.l(.li_lti(_i_,'' in t'r(Jcdedi_l,_f,v (li" 1,<41t.JS-Jal)_.lnosc Workstlol)(_n (7(_Inl_usli(_n ,c_ynthL,si_,
I':tl._, Y, l<.aioclcl ;.liltl J, iii. I !(_11(199()),

.I. 1"I, l l()ll oi til,, "A New 17,Xl)t.'riillc,.nlal Allt)r(_acll io Sli.l(ly Solid C(lint)usliori l_,c'ilCli()rl
t_._ing SR," l,_ivvroncc l,ivcri]l()i'c N;ili('_n_it I,llt'_()i'lil(W),, [,ivcrm()rc,, C_alit'.,
II('RI,-1()22147 (1{){)()),

............................ L.............

*Insiilliic ['(.)I"lrl()r!7,cinic M_ilcri_lls l_,t_so_.u'cIi,J_ll)_.irl,

**Sl;.J.i_l(w(-t <c,]),ricl_r()li'()ii l_,_.ltlicili()il l,_lb()i'_.il(wy,
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I_. M, Imrson, F, W, Lytle, P, (3, Eliot, R, B, (.]rcgor, nnd M, P, l:a]astt'tutn,"XAS Study
(:,t"l.,nnthnnide ion Spccintion ira Borosilicnte Glass, J, Non-Cr3stcd ,Sohds 1i6, 57
(1990),

E, Iri, L,nrsHn, P, A, Waide, ttnd J, WHng, "ltigh Speed DitTractometer," submitted to RI)
Magazine; R,I).I00 Competition,

F, W, l.,ytle, G, Van der Laan, R, B. Gregor, E, M, L,trs(.''_ta, C, E, Violet, and J, Wong,
"l)ctenninatiHn of the Valence Hf Pr, Gd hnd Iio in YBa2Cu307 by XAS," f'/lys
Rev, B, irapress,

ti, J, Mnier ttnd B, Rupp,"Environmental EtTects ota the X-ray Line Profiles of tq_tigucd
I.HWAllHy Steel,"Sc'ripta Metall, 24,353 (1990),

S, J, Marsh_ll, G, W, Marshall, M, D, Jcndresen, A, P, Tomsia, and J, II, Kinney,
relerred Orientntion of Aputite Crystals in Dentin, J, Dental Res, 69, 269 (199()),

'B, Rupp, E, PHrschkes, P, Menffels, P, Fischer, and P, Allenspach, "Neutron-DilTracti(_n
Study Hf ErBa2Cu30,? irl the composition rnnge 6, 16.<.X -'5.7,0," P/irs, Rev, It 40,
4472 (1989),

j, Wong, E, M, I.,arson, J, B, ltHlt, P, A, Wtlide, B, Rupp, und R, Fr'ahm, '"l'imc
Rc,solved Diffrnction Study of Solid Combustiol_ Reactions Using Synchr¢_lr(_n
R adintion," submitted to S'cienc'e.

J, Wong, G, Shimkaveg, N, Goldstein, M, Eckart, T, Tanaka, Z, U, Rck, and II,
-l'oml._kins,,,y ,,,B(_-_:A New Sot't X-ray MoilHchrolnator for SR Nm,'l, In,vtrmn,
Method, in press,

Joe Wong et al,, "YB(_4,:A New Soft X-R;.ty Mcmochromator for SR," I_av,'rcncc
I_.ivcrmore National Laboratory, l.ivermore, Calit',, I.JCI_I..-1()2215(IU,_0),

Joe Wong ct al,, "Time Resolved Diffractioll Study _t"Solid Cc,ml_usti¢_llRcat:ti(m t'sillg
SR," I.,awrcncc I.ivcrmorc N_lticmalI.ab()ratory, I_ivcrm(_rc,C'alif,, UCRI.-1()23(}()
(1990),

Awards

,!, B. I/oh received the PROMETtII:.US AWARD at the first tj.S,--Japanese \V{_rkshl_p
on Cc)mbustion Synthesis in Ji_.tlu;.u)' 199()fHr his "excellent contrit3utioll to the
Advancement of C?(_rllbusti(m Synthesis Techlaology,"

Activity in Professional Society:

./. Ki,'mev chaired a special session oll "X-ray N'lic'rosc()py"at the Annual meeting (_1" =
the Amcricz{n (?rystall(_graphic Society, New Orlcalls, l..a., Nlar. 199().



Presentat ions

J, B, l lolt and J, Wong, "trundatnental Study o1' Solid Cotllbusticm l_,eactiotls," At11,
Meeting ot' Chert'l, l+,ng,,:_,San" Francisco, Callt',, Nuv, 1989,

J, B, l lolt, J, Wong, E, M, l.+a.rsoI1,P, Waide, a.ml B, Rupp, "A New l'_xt_e.ritneIltal
Approach to Sc,licl Cotnbtlstiov_ l,',uactit_g Using Synuhrutrotl Rttcliatiorl," Isr t l,S,.-
Japanese Worksllol:_ on Colnbustic._r_Synthesis, Ibaraki, Jttl+tti_,Jan, 199(?

E, M, l++,ttrstm,"N<.'+w'l'itnc-Rusolvud I)ilTrttctiun l_,usults of SAS Rcttctiorl at NSI+S,"
SynchI+otron Tct|, l+,ivcrmt+re, Calif,, ()ct, 1!38_.3,

I+, M, l+,arsort, J, Wong, B, l tolt, P, A, Wtti<.l¢, and I], P,ul+p, '"l'imu-rust+lvcd l)il'l'ractit+I;
Stmlics oI' l;'ast Solid Ct:)t'r_bustiot_," I6th Alllitlttl SSRI.., Users (]roup Muuti)'_g,
Stanl'ord, Cttlil',, Oct, I+389,

I], Rill+p, "Structural and Chutnical Dynamic Studius at CMS" presentatiorl to AWI.J
Students, l+iverrnore, Calif',, Due, 1989,

J, 'I't+bin, "l:'hotoctnission Studies oi" Fe/(+?+u((X)l)a," APS March Meeting, Anttllcirn,
Calit',, 199(),

M, J. Webl"tX''tLJ, Worlg, R+,'B, (3t'egor, F, W, I.,ytle, and D, R, Sartdstrom, "Optically-
l)ctccted X..x'ay absox'l:_tionSpcctt+'oscol_y in l..,tlminescertt Materials," Amcx'icatl
Meeting ()ptical St-victyof Arnerica, Orlando, l:la,, ()ct, 1!)89,

J, WuI1g arld J. B, lh_It, "A New EXl+Crimctttal Al+l+rOttch to Study the Chemical l)yItttmics
and Phase 'l'raI1sl'orrntttiotl ttr l ligh "l'crnl)cmttlrc," DOI:++Matcrittls and Solid State
I)iv,, Washington, I.),C,, Dec, 1989,

J, Wc+rtg, E. M. l+,arson, J. R, l lolt, P, Waldo, arid B, l_.upt_, '"l'irne-Resolvcd X-ray
l)ilTractioll Studies ()l"SAS l_,cactiot+s l.]siv(g SyllcltrotIrort R.a¢liatiot1," Ccrtttrlic
Cot+gross, +-_tlahcitn, (?+ttlif,,Nov, 1989,

J, Wcmg ct al,, "Tirnc-Rcsolved Ditt'ractiotI Studies o1'Solid Combustiorl Rcactic_ns,"
Anllual Meeting of X-II PR'F, l_rc_ukltavctl, NSI.,S, Jan, 1990,
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S'I'I,I.I,.IC'I'UI,I,AI., 'I'I,I,ANSI'()I,I.MA'I'I()N ANl)
IN AI)VANCEI)

IVIATI?,I,I.IAI.,S: ANl.)I!' XI'I¢,I,I, 1MENrI'S

I', Ii, ,,\,'l'urclli (l'rillc'iyul Itavt',_ll',_;_m,t'l
",1'

,_', _' ,11,,,_,_ It', II, Ib,_t't'll Ill, ,/, I"1.,_,_
i., I', I'_.tllt'r

()yen'view

'I'lle lll;lill ,_!,_;LI_1'Illix I'L'xe;lrcll I'_rl_jecIix It_nttltly, N_lh IIIt.,_rclic_lllv _lntl t'xlx, rill_ctlt_llly,
tilt (X.'CIII'I'CI1CU ;111(Isl;ll_ililv _',1'i_cl_lss_1'a_l,,,llncu_l1_lteri_tls k_l_,,'l_ u,',;IcIl'IIhc_lrnllv cl_x,,;u-.

I_',_u'ku'tl(ICl_) ,xtrtlc.Illl'l',X, ,Sl_eci_lClnl_llzlsis ix I_l;/cedon i_l'_.,Cllr,,,.i(_rI'_hClW_lllCn_l,p_lrlictll;Irlv

c__ll._tjltIIe_;III'ir_.;Ixt_.'pIt_w_r_.I;tI'ti_I;11_cl_t;tluIIderxl;11_.lillgt_I'I_Iu1,_eI'c_n_i_li_moi'lhcti_l_l_i..

l_eri_.licxtrilCltiI't,,slhiIlilI'u'ii_til1_alt.'Ivrel;ttt.'tlt¢'_tllcxetcpl:hI1xes,

'l'lle_relieal i'r_ress

u';tlu'_il_tlt.',detlnil\'..t,l'-,,;t_llt.,(1)(),S)_11_(Il'_tntlc_mtril_tti(_nxlolhcitllcI'r_tler_.,rgy,'l'h_.?tCl_

In_l_siti_._I_1_IcI_tl(?,()_l[<___xltt_iIceil),I)(),Sand xtaI_ililyenergie.,;were_:_t_i_;_'ccltolhc(_i'_.'x

_Isilnl_lecr>,xt_lllincxlrtlcltire,,,i(l'c'C,bCC, I.Ill(lhcp),l:r(_11ltl_isw_rk,iiixc_mclt_le_lIIIIiiIII_.'

str_ngiiItcri_I_tyI_ctv,,cel_k,c_l_t.,lric_II'acl_rs;_i_.IelectronicI_lu'il__lelcrs(cxsc_'_tii_II),IItc

_u_nI_.,r_I',,,alenced-.electr_tns)lelttlxtoa stability_I'tI_esec_n_I_ICxI:_hascsl'_ra_ average

ntlr__I_er_I'_.l-cle'clr_nslessII_;_I'16,(),As i,;ceninl:ig,S'I'-I,lh_.texixte_ct..'(_I'_Il'_Xeudo-B_ll_
) "

l_tli_gstiIlu.',;(_.tIJ(_'_vN)itn(I _r_ti-l',t_i_din_.,,xtIIK:x,'l'l_i,,;I'uLIltll'Ci,',;C(lllllll(11_t()ulltcp

I_I_',_x_.'x,iI_.'I_l_Ii_bcc,;_n_IcztnI-,e_.,xi:lair_.,_iI:_y;_n_ix,u'r_l_t:_.'o_rtlin_li_n;_rottndI._,5(I.l
I'_r Iwc I,

" l,lnivcrxiI\, ¢_i"Il_tlxl(_n,
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lillcl vur._u_cIlurt_'y,"lhu(I-NuldIilliiil_,N i._indk'utu(Ihv tllucl_t_llc'_tlillu,

'1'_ ul_._tli'ccl_._' u_nt_lct with uxl_cril_cnt._, _>rtlul'-(li._t>l'_k,rphul_tm_crl_liii i,u-V uil(I

c'I¢_Irtcn¢Icncyt(_w_ii'(Ixl_l',_,_cxcl_irtlti<_n(except_ItI(_w('rc(mccI11ritli(m),Ni_niI_tr

"l'hul;c--('r,_y,_tulni,_lhclirxtc'_mili_l_ilu,_cluctudlI>rl_i'uuurx_rl_llc,il_li_u,ti_i,,t_l_','l'hi_

tt'_tl+._l'<_rrt+_irit_>tt .xi_irl_.tI_l_u.,,:u,,,.'ith ¢It.'+,.'i'ctt+,+it++utCn+l:_cr_tturu, l"+.tv<>rctlI+y ki_.'tic'x, it ,,;'trx

1)¢)<,_i1_1ctc:)grow u .,.,i_i_luci),._tttl ',,,'lth thu hi_ll-tUinl._crttturc _,tru,,.'ttlrt.'.'l'llc c'()l+ll+()_iti()ilwit <,,

ti.t'(_l+lii(I ,47">I.+it,_',;l+('r, t;",xl-)c.'rirrlt.'nt._ lit t_c.'itrl/lii+t; ,._14 <>1"tlic ()iii< I_itl n,c N_I.._.. I++',,'l.,(in
c.'t>lltit"_t>rtitit_i-Iwith (;. 1'.'.]+'+!,(.'. ,1.,k,'/_l'/#'/,:.<,,till+.lii,/?,(.']1(7<'/,:i_t' C)I,tNI,) ,,,'uru llc,it(_ril+c(I,

,,\llll<_u)_,ll._tl+u¢l',lt,:tItr't.':+tilJI'_c.'irl+,._tii_ilv;,'.c¢t,., tl+t.'l'_>ll<_wiri_Clti_.tlittitivuru_tilt._ t'lii+ Ilc
ltniii i tllit'c,cI;

, t,c-('r i._c'lc'_.irlyii c.'lu_turiill__,,sv.,.,tcnl,i.t._l_l'c,_lic.'tc.,¢tt_','tlic.,_i+',,', 'l't+u inlc'rl_Jl)' iil(.'i'c.,ll_c,+!.,

ll>r .'.,lillill scliltcril+_,,',,'c,c.'l(>l'.'-,,tlncl ii+_(.lilTti_c lllllXirli'<t iii lilt! I'I_ _til)t:rltilliCc., i)+_.,ili_,i+il.,

tti't..' t_l_'.,ct',,'u(III+it!.<_.1-.,.+'"l'l+u,,.'ctli_lit,,.'<,r tl-lut:lcc,ti'_>rlic,l_',lrtili/c!tt._r'-, ttl_it ',,,,'uic<-,ulmc.'tc'tt
l'l_r<_tlrllic(irctic.tt] v,,l_i'k_,i_,'t.,xu.'-,+'rc'ill c'_mti(luric'c.' t'<_rI'ilttlrt.' '.il,ltil'lli<_li_ i>l lili.' I+c.'c+.

l__-',i<'_l_i Ir',tl-iS,i<_lrn',iti<m,

,, Xl'<i,_ii_l_ii_l' ii/tc.'rl'.,itv ',ll_l>cllriii lilt..'2/4( I I I) l_<,_,iti_,_<,,v,llic'l/ lU'_t'_:tl_lviilllic.'litc'<,t c.'

iilti'iilkic.' t_c;C'-l:_ll(>i/<_rl_t>ltc'iiilil-'..,c.'c'lliri Irl<l:,_l I'_t't.'lil';l'<tl', ilil(I llll_ >",'<-,,
' 'l'ilu "t_l-><_l<_')"'<,l'(lil'ltl.<,U.<-,c'_illc.'rii_zc.'ll',ll/{'.c.'_,,vitii c'l_litr:i',t, ',t,'llicll i'-,_ttrit_titc+(It< ',t

xll'(_ll_" _li_l_l'<lc.'ulilc'lll illtcll,'->ity, 'l'tli<, i_'ii0'<ltlr',.i!-iii):' rt'!.,iilt ,,viii iii_il,.;t_ I_><_'-_i1>1_' _l <tulililc.'ct

tli_cll',,'ki'-,t_l'ttlu I_>u<_llli_,l_l',lC:t.'iilt._iltl'iulcl tiil[I I.'t_tiltl c'>;I)l',liiltile _irtic'ttirlll
ti'll l-i',,1(_rlil;.il it _li,
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l"ig..%'1-.).., ('_llltmrpl(_li_tllw(()fil)pl;inct_l lhc r;Iwcl;l_tic inlcnsily for I:o-4,7 at.%C.'r(ilcarlllol,'c
K.-c_I,!_',c).

[qn_tlly, I'¢+rI'u,V, it was _+l_sc'rvc¢l th+tt tllu ,'<igma pi+ase starts rlucIeating at the l'ruu

.,-;urlacc c+l"thu l')cu l+hasc.. "l'his rc.,<,.zltsu,,.z'tz'¢sts:t \,'crE iriteresting cxperirr_cnt tti+lt we plan t_,

t)c.'itt+rill ;ii I,i.NI,, in collal'_(+r;itit_ri with M. iJa/+._+']+,o.n l)roorjcrltcd bcc sirlgic: ct jst;.tls lt)

prr>ive iiiu ',, fi>rl'lr, iiit+l_ bv in,,.',,l>i/l;.t . tlS _ .";C'ill'll'iil'lg ttll'll'lelii'lg rrlicrosl;;:ol_y (S'I'M), 'l'his work

,was prim',irilv t)crt{_i+tnc¢l b\' 1,. R_'itthmU and c,'. C. ,4..'/v>,v,i't::onl th,_ University of [lousl(m.

Pulilications & Preseritatiorls +

M. Sluitcr and P. t_,. A. "l'urclli, '<+l'hcorctical Irivestigatiorl of Phase Stability iri 'l'i-V arid
"l'i-.(Tr Stibstituticmal Alloys," prcser_tcd _.ti lilc MRS Sprirlg Meeting, San l::rtii_cisc_,
(.'._tlit'., Apr. 1(_ 2(l, 199(): lo be put-_lished in the ProcddUilt_s.

P. I_.A. Turchi and A. l;'it_el, "Phase Stability Properties iri Complex Substitutional
Alloys," prcsc?rllc(I ;lt lhc 1 l_)th TMS Ai_nual Meeting, Anaheitn, C;.llit',, Fcb; l g. 22,
19!)(); to bc ptiblislicd iii .1./_x_,<,.v(i-'r,_,,,zs,'+r_#+Met.

I ) ,., "++I:' 1)].A. 'l'urclli _,lrid/\. l;'iric.:l, "Ordc'r-Dismmlcr ]:'tlenorl-lcria iri (.t rnl'_lc'x Alloys, prc.',;t.'i_tc¢t
;.ii the MRS Spriil_ Mct..'lirl<, _;li'l l;'rniicisco, (Tulif., Apr. 16+2(), 199(); to be
putr_lishcd iri the f'rocccUi<v.,.
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PHOTOCATAI YSIS .....ON DOPED AER()(",ELS

(', (.'_l/ttu/sarc,_' ,_l, (.'tumor ,I, l_o'v/tt_,mt

I'_,]"<,Itt,'hl R, (;OI'or

'l'lac oJ,j(:cti\,eoI this pru,icct is tc>dernc)nstrate thnt SiO 2, AI20 3, or 'l'h(3;, acmgcls

dtfl'_cd with l')t_otochelniunlly active ions can/7)e used us hctcrogcncc)us c;,ll;41ysts l'(w tllu

I')ro(ttt(-'tion of }15'drc)carl')ons ['1"(.7)111sin"1plc gas mixture.,,; (i(2() + II 2, (2(). 2 -4.I].2, etc.} using

sunliuht as the energy source. /_lIMo.,\Ve are ilwestigatil.1g the (211Cl'gy-lIF_,lI.1SI'(..'I" mc(-'hani_;tr_s

_lllccting the chen"1ic_tl reaction. The t'eusibilitv oF tl"1cr_ro.iccth;ts already been dcn.1(:`)n.'.;lrtttcd

witll ttran\'l-i(`)tl-d(`)l_Cd SiC) 2 acl'ogels.

Status

\\"v' h_t\'c h_l(I l')n_t_lcllls lnaintainin,,e a _(_(`)(Itltlidizc{l 1-)c¢1tlsing cttlr no\v, hieh-l')tlrilv. .

',t(.'i('_Mcls. Altor i(lcntiI\'illg tile l_rol')lcln to l')c in 111ot'l(-)\v r>r(`)l_crtic,s of lhc aurc)ucls, wc

v.+i\'cd it I')\' t:tl)crir)g the .,;icl(.'walls (`if lhc r(-.'_.l(.:t()l";.ltnn atlglc grc'4tcr thgtn the _ttl_lc (+t"t(..'l')(+s_'

(_l.ttlc _lCi'(_gul, \vhi(.'h \vc (lctcrminci.I cxp(.'ritncntallv t_+Iw 35",

l:'.,,:l-)crir_'_unlsv,'itl_ _i.) urtdopcd actor:el arid _l_ll 2 1(."() ,.as l'nixttlrc 1")ii _

tn(_(lc l_nn:ltwc(I r_()h\'¢lnw',trl_(-_r_s, l;ul'tli(-'i'_l](irc, itri cxpcri_nunt with tile S[1111C _ilS lllixttlrc

}I")[}t \vJtht+tlt ',_ut'ogcl als(`)h,,t¢t l'lI,{.,'E'tlti\:(,..,' t'cst_Its. %Nec` h_l\'c li (}lx_' SII(')\\'I ,] tllztt ali t_n(lolWtt

+tcrt+gv'l \,,'iii) ',_rcncti\.(-' g:t.,, ll.)ixtt_t'c in citllcr t'low.-thr(`)tl(..?h(+r t'cc'it'_.'t_l',ttit_+,,r_l<+(](.' it.;n(+l

'acti\c (.",tl',ll',.'tic+tll\'. 'l'tlcsc cxpcrirllcllls (.'c,rlstitutc (')ur tv,tsclinc dalt_t.

\',,'vr tlat\u U\l_urilllcr_l_tll\' (](..'t(..'rlllinc(I [llil[. ii1 1 x_r t r 1,,+cttr(q'_iutn-_.l¢fl')c'(t alct(_g,,.'lt,, tlw rc(.I

lltlt)tcs(-'crlcu irt C',l2 ',tn(t ()3() hl.).1is c\(..'ilc(] I;\' light itt").,,()rl+ti())_hct\vcct_ 25() :tn(l ?,()(1_l_l.

l'hc ll_l_rcsucm.'c is (It_c to Ir'an._iliol_s bclv,+ccr_ lhc 5D(I ',lhd lhc 1I:-, st:tie.,,;,v,'hcrc /}+ is ll_c

\",tildes t,l _thcr l!,Ll-¢l_q-_C(t._Hi(ts IRcf. 1'(' II. "l'hu al_(_\'Ctr;.In.',ition occ'tirs iii s(_li(Is ',\'l_cn ltlc

i".Lt3+ (,c'Utll')ius rt site thut l',l(-,ks a ucnt(.:r (`)1'invcrsi(+n. "l'his is the I-wig:ix'ltir cxlw(_'tc(I (,1"l{t_

(!()1+_..'(t_u.'r(')gcls. Irl the\c, it _tl')Pcut's til'di I'C(] ('lt_()rcs(-'(.'t_cc is ass(wilttc(l \vith the l'()rt_l:tti()n

(_1 very stn_t!l t)rccil_itatcs in the acrogcls, \vh{ch \vc believe tnav tw l,'.t_l"_, l_rcli_rli_:lrv \-

ray ph(')tt)clc(.'trt)t) .,-;pcctra ;.lt_pcar t() c(')nl'it)n this aSStlt+_t+ti()n.

V',,"ct_',v,,'c (+>ser,ccd that l_ll-(h')r)c¢t _tcro;-.cls ;lls(_ clllit _lblt_u-grccn _l()\\' ttf tor tilt.' ==

cx(..'it:_ti(tn s(+ut'cc is turnc(l oll'. The glnw c(+ntinuc's tk+rrv+(+t(-'than 3() sc(-'t+ntls: \vc iii'(..'il()V,,

(Ictcrlniningitsh_lll'-lil'e. A st-)c(-'trttrnofthisphosl+hc+rcsccnccissh(+\vn inleie. PC-.1. %Vc

(1(_tl(+t ,,,ct k_+(t\,,, \vl_ctl_(.'r tilt red l'It_(+rcsc'ci_cc lind the t')lt_c--grccn l')h().v;l)h(+t'c.',;ccrlc(.,\\'iii

l')l,:l\' ;I r()lu in the ])()tcr)ti',ll c',!lt_tlx'tic l')roi>crtics (H this :tur(),,cl

Jl

* San Jose State l..}nivcrsity.
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I, ASER-INDUCED CHEMISTRY

II".[;, ('_Jmlw_Iv ('.(;, ,_'levuI1._

llack_round

,,\ ttJll tJntlcr.'.;t_tn¢ling c_t'thc' prc_pcrtic,,__trl¢tbc.'llavit_r c_t Ilighly cricrgizc¢t ll-lc_lt.,c'tilu._i,,.,c_t

iml_>rt',lncc t<, :t rll.iirll_r c_t"si<_,tliticai_t incltistri_ll l_rc_cc.'sscsariel tcc'hilc> ¢_t,ic_, irlc'luclirt<,

rcsc',:lic'll illtcl ilril-_rc_\,cli-i¢ilt._ iri the ccu-r]bti_tic_rl cii ti_s._il t'uc,l.<,,arid iri the t¢>riiltllatic_rl ¢_flli<,h_.,

c,_pl_>.<,i,.'c_.'1'_tlli_ oilc.I, wc arc' (tc.'vc'l(_l_irlg _irl(l al_t_l)'iii.g rlc'w l_.l_c,i'lc'c'hi_itluc<, tc_t_clttl

slii]_tll[ltc.' and iritctrrc_galc.' lt-ic._o higt]-.c,ric'r_y.trari.',_l'c!rrri[itic_i_s,

'lhc l_rincil_:ll c>bjculi,,,cof it_is l_rctjcc:t i._ lo characlc.'rizc the c'<ciicd-_tatc t'>cllavi_>r c_t

i._c>l'<ltcdli.c., ga._-l:)ha_c)iil_;>lcc'liic_s and t_:_identify optim_ll cxcitati_n sc'hcinc,_ that gC'll.c.'l'[ilt;

I)c_n(t-_i" nl(_(:tcrsc'lcctivc' c'llt.'l]ii.,,try. ()l.lr al_l_rit;.Ic.'tlh',l._hut;ii lr> tint.' 4)',,'t.'.l't(il'lt.'-ptlillpill_ Iii'

l',_C:;lllil'>(lc X I1 _irc'tut_c.<,,f(_lli>,,vcd by c'xc.'ii_ilic_i'ii)f the crlc.'r_izc:(I l'rlc)lt:c.'tllc I() (inc ()1 itx

]<),,vc_,t--lvin_, clircctlv (liss(:wiativc clcctr()nic _taic',,. 'l'hc: c"drl_liclatu ,.,vklc'li-1ih_lt ,,rc h'<ivc

c,ht_scri tc_._ii_id\' i_ l l->()[li_(t it_ (lc.,uic'ratc.'(lanal<>g, t I()[).

Technical Progress

\Vc arc prc',_'nt]v _ct tlp to measure iho ()t 1/()I) t-,r,lI_c'l_iI_ l",lti_>in

I I()lX,v,J_+ [) I )

/
"_[t _, 'lllll "_t _ "+['1II1I l()l.)(,_',v =-ifl,(l_j tl()l;)lX,v = ((1,5 ;- 1f()I) .{k)

\
II-+ ()l)(',_;,v,.l_ i2i

\\'? h_.l\'c:_l!rc_lttv _.,l.icc'ct_sl"ullvclcill(_i_sti_.ltctt ttlc: al>il ii.,( t_ l'Jtl_,i_,cli<_x<,_.'i'<ltcI t:_() lr_ ,ll_

_ii_'_'!c rc_vibr;iti/>i_'<il <_tai<:_an(t t(> tlti'<lnLuln-xt',ltc-sc:lc;ciivulv ctctccl tt_c.'(ii [fX.v==()..l I i_r<>(ltlc:t

ll"<i,l'llc..ilt,.," ' Ilv l',lsc.'r.-iilctuc:c_l,t] LieH't..'%'c.'rlt.'c.'li.lt ' t. "l't_cill'<i _ti"c.'i_ll_l'l'<l'-,ii.,c_i'it_c l-_r'c.'sc.'i_tclt_>rt i<-,

i(> c."<trrvtt_ix<>','ctt<>the t 1()I7)',irl',i](l_ x_,ith/itlt 7c.'tiii_ b<>Tgcct(.1¢._,','iliri lh,t: clci'<lil<_<>tthe

ct't'r_;irriic_ c>ftt_cl_t_>i<,ctis_(>ci:ltic_i_F_r_.>c'c'_<_."I<>;iuuc>ll_pli_,hthis tlcirl-icmstr'<lticm in I It')l), (itll"

° \\'(trk ;.it hi<,h i I..,0/I)-,0 ,,t',tiu <_'asprosstirc I>_(l()rote, rr) tct c.:ll!._tlrc,t c<>llit.,i<>nal

r<:.l',lx'<itic>r__,I the fragll-lclits sc_lh'di their il,_ls(..'t..iitic_t_.iti_i-i_llalld \'Jbr,:ltic_rl'<llc,lLilu
di:,,tributic>rl bia!_cs {irt2 c'lilYlil_:ltcct.

• g_.iLtlr_.ltc'the ()li arid ()[) tl_ill_.;ili()ll_, t"l',,,wc>rkin<, ;.ii higt_cr I.lt r: lli.s<.trl)(-i',.'_'c;'l's

• Xl()ilitc>r ttic xtrc_ilgext Otl l+If: tr_lilsitlc>n arid g(.'_.ill tt_<:(>vc:rtc>ilc-i)uilll) ]asc'r 'dL.'l'(_c,'_

tt_ob:lnd. Igli_o(:t r>i_(>fir i-n<_clcl_,v< pro(liut Jl'(ll11 l_>c.'[t]-lllc;_lc.'\v(ivcl'tlr-ic'li(_liX th'<il lhc

rcsl.iltin<, ac.'tic)nsl__oc.'trciin\viii incltl(tc (>r_l\' the)so tiai_iii<;)n,, :tt_lx.':irii_ in the I l-,()

photc>acc>cistic absc_rption _pcc;trtli-il (l_,,vc;r fraillo (>[ t::i,_, I.l-l). N_>il-lll_>clc.'-
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selective prodtlction of' ()l-t by means ot: r(:'action (I) would inslcad _encratc ;I

c:omhir_cdI t20/HOI) ac'lion SlX_c'trtlm(sin_ilar to the uppc'r ('ramc o(' Fig, I,I-1 ),
* Monitor the strongL'st ()I) I,II:" transilion and s(.'_tlllhc cwcrt(:)nc pUml_ laser to

cont'inr_ lhilt (')I) is indc,cd I-,(_'ingl_X'odtl(:c,dby reaction (2). "l'l.ic ;l(.'ii()n spc(.,trtll.il

should show only tho,_ctr[tl.isitions prcscili in the It()1) I_hot{xlcotlstic al_sorl-_tiorl
spcclruill (¢Cl.iit.,rt'r_.li_nt.• Ot'1,'i7,1,1-1),

[}ai'rillg iiriy t'urlhor tii.i.,,;(.'C'llt.'tlUi[_nlcill [allures, wc arc st.'l I()t)i'()c'c't.'tlwilh lilt'xc

lYioi.tstil'oYneill<',;in the ,_c'condhalt"ot" the' Fiscal yr.'fir.

1 2 1 H.,O I()D D,.O

t_)1.)

,I j ,
',;,i'_,,r M' -.+_' '"w,,r* .',,_.,.,<_._',_,'._;"T_"

l
ii
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i

I
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/! ''/I j
/'_ ,_ A _, / _i_^ "' .'
t , 1 # t , t , t , i ,, t t , I

, i ,t , ii _i I) i:l ; 'i 10iii { ! ",'i,' ! I, Pi:, ,} l , ' i_ ,i)_ i ii ii, i 1! iI. I i l! ', i lt

V<ll,tlttlll V_#71vt'li!l!rllfl !tll)t

Fig. l.I-. 1 I:)lloli);.ic:()ll._lic ' at_,,,;lirllli()il _l)C_c:li;.l ()1 _i IX)lli()li i)1 lhc', ovC',ll_lilt' rc,_illll i'or lid)(.l()wc, r), I1( )li

(ct'illoil, all(l a 1'1 iiiixtlirc. ()1 112() tiil(l I.)2() (Ul_l_c.r),
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LASER-PRODUCED MOLECULAR I LASMAS

A, Droege (.7,SW,v(!ns (;, Ilat_A,etl
W, (..mla_,ay S, Steward A',/'ck.l.

' :, i Overviewt,

, I, . ii,

The study of ctei(scl COml.glcX_ plasiilas in the Iclnpcraturt.' ,i';lilg e c)t 3,()()() K it) 1(),()()() K

is a relatively tlllCXl_lorctt area of chemical physics arid irialcrial scici_cc':. This "l,iit)lct.'ular-

plasin;.l" i'cgiillc is iint_orl,ant to illaily t¢chlrlit.'a! area,',;of initrcsl, iilcluding i,ii_,!<iiials

[_rc_tuclion and arialysi.'.; by pla.sn-la icchlriiclucs. A fuilttail_t.,rital uildt.,r,_laildir,g ot' inalt.'rials

hlcalcd lo liltso ttml_c'ralurcs is also central lo ct)ni]dent i)i'cdit.'li(m (_t ii,it.' l)C'i't(_rlllallcc t_t

inalt.'iial.s iii nticltar-wcapon._ rcst.'arch and dc,,,¢lt)pl,ilci,ii. II is lt'tc !._bjcciivcot this Im_.jt.'cli_
CXl'_criincr_lally dclcrinirlc lilt: lht;'rlrlt_.tyilainic i_i'(_l)t.'rlic:sot" ill_ilc, iial._ hc'<ilt.'d I_)thio,st

tc'i,ill_¢lalt_rc $.

l{xt_crii_,ic'illal .Sltidi¢s lit" i,i_al¢.rial l)rtll_t.'rlic'._ ai Itlcsc' tc'llll)c'laltli¢._ Hlltl ttc'i,i_,il.ic'.,;art.,

c_)i_l_licalc'tt hv tilt' i_c'c'.ttit)t.',<ilal_li._h lt_,.';.il lhltrilll)tly!lai_ic Ctliiilibriui_ (1,'1'I{)illi_li_tl c'vt.'ll

tlcatii_<2 i_t"lhc' ill',ltcri',ils, alltt i{_ tlia_n{_sc thio rt.,._ullin,, tli_h-.tlt.'l_sii\', _)l_lic';lll\ , il_ick pl;i,;ll_l.

\\"¢ Ii',i\'c'/wt.'rt'lil,iR.' ltir'st ttil'lic'tiliic's ii'i t)til c'\l_t'ril,ilc'nl;il _ll_l'll_lat.'ll t_,,' iilvt.'sli,,iliii_,,__ lilt lasc'r

l_c",ilii_,, _1 tiliil, trt:c,-Slal_ttii_ 7 p()lvl'ilc.ric' tili_,ix l",lllt!ill_ .{ill itlit.'ki_t.'.4s tll)lll lt)()iiill 1¢) 1()1.1111

l/v I"c',,iric'lii_;._'lilt itlicki_c,s_, _1 itlc lilil,i, lhc I',i<4c'rl']tic'llt.'c' rc!lliiilt..liiC'lllS I_l tll,iil<>liliI\' Ilt.'iil tilt"

i_ilt.:l'i,tl._ t.'itll t)C' hcltt bcl_w il_illii,ical' ab<;l_rl_iil_il lllrc'sl_lcls. 'l'tlc' ,ll_,)rt_iivii\ ',iiltt i_il_c'r

i_i_G_crlic_,c'<lll be.'l',iil_)rc'tl by .,,clc'ciil_i_ til <,t_cc.iticI_l\ll,it.,r i_,ii\itirc',,. 'l'l_c lrc'c ',ilimtii_'..t

lilill,, illt' I_t_lic';tll\ iilil_, wllit.'t,i illl_x_ s tlSt' _ll()l_lic'al ill_/>rl_li()il ',ii,td c'illiS,.,i_lll li)tiiii_!iltlxc'

lilt', qlWc.'it'_, tlc'\'t'J_I_llli2l,il, i;i lhlc' c\()l\ il_,,,.,Jll;,l'.',ll,i_l. "l'C'lllI'l¢l",lltll'¢ lllt.",l%illc'l,ilc'lllk ',irt' Ill',_tlt.' J_\'

• ,, , _iy,_,it Itlll_ ihic'.t_.It'_A III e. l,hc Ii_lli t.'i,i _i__l , )l_lic'_lll.v illick ttiillt?il,_ii)il.

'l'cchnical Aclivilies and Resulls

l,lXl)Cri_;_cl,it,,_ll_l(_gr¢,_h ha_ bccn sl(>wc_l' I_v ¢_l_lil)_¢l_t lailtlrcs, bul wc arc l_w

t>l_,_'r',ili_,i_'<llalul art: _,l)l:_i_i_:" s.<,_,ic'il,ilt.'rc'hlill_, rc'still.',;. ()til _H_tic',ll i_'a,_t'i_,' ._vslc_,i I_,_,+, ,t_ < t".

bc't.:ri _>t_lii_,iizctl ._tlc'll Ill'<il _\'c:al¢ n('lw able' I_) t_btaii_ .1..q-iis tli.,;l_cr<,cil c'xt_Stlrc'._ iii lilt.,

l_lasi_i',l._, l:iT.tir0'; 1.1'-I ',ii,irl 1.1>2 ttispl',ly llic lilllt.' c'vt)luli/_il t)l lhc' l._l'<!'.;_.tat.'l_,iixsi_tll
,'

Sl_c'clrlll]l l_/r ',i 1-t.ll,i,i lilli_, "l'hc tlt.'vt:li)l_illc'lll _)I il_c' il_c' i_la.<_l,il_ii!,v_,'r itlc' t ttii",lli_il _1 lhlc I_isc'i
• !

ptllSC (¢,1i/s t:WI INI)aild l.hc sut)st.'titit:i_l apl_c'arlu,ic'c o1 .'.;Irtlt:ttll'C _llt<.l.att_rilic ilylliiigcn anti

c',lrbtii,i t.'miss, i_m art.' cvidt_'ni. Wt.' art !1(),_,,,,able I_) ii_agc It>bell,tr lllal,i 1()() t Iii 'al(>ng lilt.'

Jascr axis ai_d tc)obscivc disl,incl dit'ftrci_ccs in plasina clnissitli,i ;.is a fui,ictiori t_t"ttist_.,ii,ic.'t."

fl'_in the l'ilin sLlrfacc. An as-yci u_C×l_laii_c'd {IV ciil<>tT ihmt varic's wilhl lhc ii_agt.'-pt)inl-

l,o-f]lin disl_lricc: is currcr_ily ui,idcr iilvcstigalioi,i,

Wc have coi_ducicd some t)rclirnii_ary t.'xt)c'rir,ilt.'i_l.<,;ii,ilo lhc feasibility of I1R.:a.',lLlriiigthe

kinetic cncrgy of ions crcatcd in l,tic plash,ta, l;igtirc 1,1:>-;14illusiraio:4 l,i,ie ion signal collected

froi-n a tubular clcctrc_tc' placod coriccFltrically al()rig l,i_c la,<,;crpath iri ffoi_i ,)f ltlo t]ln-i. Evci,i

with this crLldo, dosign, we obtaiil resolved pcliks corrcst_ondiri g Io hydrogoi_ ions and
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higher-molecular-weight ions (c,g,, C, CII, 0), We _,trecurrently designing a heltcr
electro.tc that shc,u,ld allow fcwmuch better naass rcsoltttion and better-defined kinetic

CI10l',_,y lllCil SLII'Cl11C_la[S.

Wehave also beenexploring the useof new largei Inaterials. "l'imc-evoluliorl Sl)ectr_!
(such as those of Figs. L,P-I and LP-2) and ion meastlrcmc:nts(suchas in Fig. I.,P-3)have
beenobtained from Inctal-lo_ldcd,low-density polylner filrns; however, becausethc,_clillns
are quite thick (> 1()I_r_),uniform heating is nc)tassured. Thinner fil_ns and tilm,,,;witt_
lower levels of metal lo_ldingshould ,_;olvethis prublcn_.

With the ill_l_rovcrncnl in signal collcctic_n, wt: c_.lil nt)w rl'lovo on 1o expanding c>ur

last:r-ho;.lrrl spotsize iii LtlCtarget to crontcan 9ptically thick l)l_lsrll_.l for lullll)cr_llt,ll't.;
111t' {1S1.1I"L;II'IC I1[ S,

,)

0
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C H E M IS3"R Y () F DE F E (7TS

,I, l)_' }'t,rt'¢_

During th_ t'ir.'.;tsix month.'.;_:_t'this i_ro.icct, ,,,,'(_rkh_lst'(>c'tts_.'d_l_ tile _.'ll_lri_t.'tcri_'._ltic_n,

idcr_tiric,alion, lln(t climinati__n or nlit..mSCOl-_ic(lct'c_.,tsin Cr:l_i(laAll;(,. ,',;ill,lc _.,i'yst_llsc_t'

I,iC_l,'\ll"(, (l,iC'Al:)groxvrl I_y (b't_c'llralski, _r_i(lienl t'rccz.t:',or P,ritlgwnan te{.'h_li_.ltit.'s(x,,'illl

c_r',,,,'illli_tit(:.r-___lt:_l_in_.}cor_tain I.t_n- It_sul_.-I.lm-si;,.c_.lctt.'_'t!;_11lcvt.'ls t_l' 1 tt_ 1(}()I_I_1_1Iw

v(_ll_'n¢. 'l'lwse (tct'c_.,t.',;arc ctTc_.'tiv_.,s_.'(IttcrcI's(_t l,-_Ltrnlibhl _tn(I('tl sc'_lllt.'rin!..t'It'\'cl_, .(). l

t_:_().?, ',:_/t.'m)l_r_,_.:ltt(lclhc u.',;c_1 (i'r-(Iol_e(I l.,i(,,,\l: _lsa I_.',;t:'rm_tt..'ri;_l. ()l_ti_;_' _.r(,_.,,.c,_])).'

(I.i!,. ('I)-I) xl_(_,_,,stl_;ll, iu];l(l(lili_n t_ t(_rmin_ {.'lt_sl¢_'s(_i _",l_l(l¢_'r_l',,,(li.'.;trib_,, , ,_rti_.,l_'.'.;

(_n_kt.'), ',ll'r_ys(,t" these.'(tcl't.'t.'lscxl_il'_il a v_riclv _t' ',,vcll-(Icl'inc(I n_ _rl'_l_,l_,:t._c.'.,tl_',_t

¢;lsit.':,;tslip). \Vhcn tht.'sc I_l_|l_lr_trl.lC'lLltCS lie withir_ rc,_zio_is_I" sl_<_kc,lht:y _.irt,

_.'r\'st',llxsh(_,,v',;theirtilt .'.,}_carstrcsst.'.'.;gcn_'r_t¢(I_l_rir_g,:'r,,'!_t_llbr__v,,'tl__lrcl[trt..'t.'.'.;tin tlw

C.-l_l;lt_t.'_tn_l_l'c c_ml'_;lr;iblc t¢__ur bc,',;tc.'.,titn;Itu_I Itll.' critic_tl rcs_,l,,'c_lsl_,:;_r.,;tr_._ss.I:r_,tll

lhc _l_.'luc't_,,,,'iii ntwlc;it,,.' t+_rt(l_t'__l\'.
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These defects produce little, or no secondnry electron imnge, which indk'ntes thal tl_cv

lnck u:q'_ogrnphy, I lo,,veverl they they can be; clenrly ilnngcd with bnckscattered t:lcctroiis ns

Hre-sized regions of lower-thnn-',wcrage atonlic rnnss, Electrcm-rnicroprobe nnnlyses show

no variation in Cn, Al, or Cr levels between the matrix and the defects, but do show a

signit'icunt reduction in flm F level of the clefccts rdntive to that of the Inatrix, () and ('.

levels are below the limit of detcctnbility in both the matrix and the de{cots. 'l'hcse results
indicate that the defects involve fluorine vacancies; however, it is not ktlown at this lime

how the ohm'ge neuu'ality of ttae crystal is mnintained,

Annealing cd' L,iCAI _'crystals within about 30 °C of the tnelting point (181()°C)

eliminates the detects. The time pcritxt required to rcnwve the defects dCl_cntts on tile size

ot" the crystal, l;or a crystal 4×10×2()turn 3 in size, ani'lcaliilg is COml_lcted in about 1()0

hours. F_ariial-anrlealing experiments lead to the t'ollowirlg observations:

• First, partial ar_neuling results in a clear ring that moves inward with further

anncalirlg.

o Second, dtlring the anncnling prtwess, stnoke lmrlicles nrc the first to disnppcar.

, 'l'hird, nnncaling results in nn irlcre_lsc"in the mnxitnum size of the dci'ce'ts t_5, al'_out
a factor o1"two.

• Fourth, the dct'cct nrrays undergo dispersal to merc disordered slructurc,,.;with each
. (.I -2.successive annc;,tl. An cxalnl_h' of this is given in l:ig. " )

q'hc results _fl' anncali_g are lhc snvne regardless of whether lhc post-aiirJcal cooltlowll is

" "C/br) or ;,ltquenching rz._lcs(2()()"C/hr). 'l'hese,ttc:,rlcal cryslal-.gr_vvtll rates (1-.,:..

cH_scrvations deinonstrate thai tilt process ot' arlneatling involves the dissc_lulion {,1 tlw

det"ccls, t'olh_wcd by their clilTtlsion out t_t'lhc crystal.

1st anneal 2nd anneal

As grown (24 hours at 800"C) (24 hours at 800 C)

:,_#
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l,'rc_lnttle ntlncnling eXl_urjnlc'll[.,,;ctcscrilw_l nl_wc, n clil'rtlsinn c:_tlstnNI, 1), ti_r li le
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iI'_._Iii,,.:l(',rinatic_ti, !J,I'OXVIJ/, LIIlcl UiJlllJll_lliIIll ot ClC'I'cc.'iXin I.,J{'AI: i\xtile
_, • ill u

'l'c,, twit>xr which l.i(',,\l: I'lt:C'(lllW.',4_tll_cr._.iltlrlllc, tl il_ui,liur ;,111(cxti'ill.',;ic.') ill_l_tirity Xl>c'cic<_<>r

_111c'\c't'_,, I_l' ;ill (illll'ill._iC') lil'<i I_l' C'¢_i_'.,liltlt, lll. /\I ._(_lllt., Icqllj_c.'rliltll't' I_c,l¢_w'l'c,, lltlt'lt."<iii_ll _1

c'nt'i'_.'.v I",i\'l_i'_ lhc' _i'c>\vll_ c_l tlcl'cclx, htil illc'rc_ixing xtr_lill c)llt.'l'_V c'\'c'i_lti_lllv ill-ii_l_._c'_ _i

lilniiing size c>l_thu tlclt.'c'tx, l)tlring _iili_c'_tlillg,lhc: clt.'l'c'ctxdidst,lye b_lc'kii llc_il_c.'l.i(',,\!

nl_.ilrix _li_(Ilht.'n clitTtlxu (uit irl" lhu x_linl)lUiilC_llgii c.'c_i_c't.'nlrali_i_,gr_lclit.,ril, i\ tltinillii_lii\'c'

in_ulc'l i_l II_i._l_i'_c.'__'._xllltiXi _.l\v;.lilpc_ilivc ich.'niit'ic'_.iticmc_t'lhc (.'c>illl_¢_xilic_i_cd"the tlc'l'uui_,

l_,ot'e i'o il ees

(;'I)-1, II, S. (].l_il'Sl_iw;.lhd,l, C',,,Int.'gcr, {"f>_#clllc,'ll'cJ#_cfl'Dcoi i_z,v<,iiU,v((.)xiciiel I Jnivc:rx,ilv
l>rt.',_x,()xJ'c_rcl, 1959), pl_, tj2-99,

('1)-2, R, ,I, l_Ic_i'gnnd G, .I, I)icnc:s, ,,t##i_zlroUe_'_ic,_#_>,vc,liU,v/c_e,l#Ji) ,vio#(t\c.'_lclc.'Inic
' " ,, ..(). 26fl,Prex,-., l-,cikelcv 19S,_I, pp. I I 1 114 nncl "_ q
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'l'l_c' I'ir_t tu_t t_f tll_.'l)'l'/k Ilt,_lcl_,,'it_i_crl't_rlllutl _lt l,il; ;tvlclC'r'l.,i( 'cl,,\ll"¢,(1,i(',,\l;)witlt
,,\/?( )_.lX'_wclur_1_111,,'n.'l'urcllcc, i__;ll,,.:riill.'l'lli_ lull _,','_tsxtlc'cc,,;st'tll, llllcl wc lll'Cctlrn.'lltlv

u,'..;in!.,,ll_c 1)'1','\ tc_tlut,_'rlllillc lilt' l",ll',.l_ccliIH_rilvnt_,t+(l,il"l,:. (( '_1}"!>v . (All".,.)., rluclr

irliun_,.C_l_ic clclc'c'l_ I_ru_,,,,ntil_ ilx-.!:,,c_wr_ury,',;tul_t_l"l,i(,,:\l,' ;iru t_t'C_Llllt,l' tilt

_.'c_l_xiittl_lt_,.xtlcll t_.',,:,l.it: I1,_.'1',lYI'--II, 'l'hc c,\trclnclv st_tll .'.;i/,uc_t'thc._cclcl'uuix ilml<u_ii

clil'liut_lt lo clch_,r__iv_ctheir cc_t_il_c_xititmbv c.'t_l_l__c,l_analv"c'

tl'_.:I_l_tsc.'clia!,.l_tn nu_tl'x -- v---;.::,,,-_=I v.,,_.mlctf,,mviclu iinl_c.,rluntit_l'c_r_n_ttic_nt,,vlthu
c..'(_v_ll_(_.'.;itit'_t_(_t til_'(lul'cctx,

v_¢',nlivlcurrn_ttuviltl ll,_vf,l)l'-:_I), tinct Ic_ck.,,_i!_,,n_t_nulli-.ccll ITi',,\ lllul i._Cal_',tl_lctd' I_(_lll

__I_cr_.llill__.til_.'l_l',,:ratun.:_up t_ 2()()()"(' tlil_.l_l_..'c..'_.l_'_._l_.'l_,'_.luturvninin, cV_LhU.ll_i,,.,.,.;t,f I'CticLioll

lYI-I. ,I, .I. ll)c Yc,,ruc_,1,,,I. /\lhurtc_n, I), II, l(t,burl._, anc.IR, C'.,_.'l_t'ris, "l,',litl_iv_ttit_ c,l
' ' "'_ , ',', ,i .

sultttcri_? u,'ntur_ lrc_n (.'r:l.l( uAll,t.,, ,1, C'rv,_'l,(,_,_'lll, iri l_n..'ss.

I)I-", ,S, l.ii+, Z, Sun, I+, \Vu, ttncl (7, (."lIcn, '"l'l+c t_onlinuar (>l',liuttl l'_rc+l',.:rtiu_(_I"_i
l.,iI:_._()Scr\'xt_tl," ,], AI+.F/. l'h.v,,,'.(+'2, (+_.-I(lt)C)()).
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ELECTRONIC STRUCTURE STUDY OF TIiE
THERMODYNAMIC AND MECHANICAL

PROPERTIES OF AI-Li ALLOYS
, ,

A. Gonis

Overview

Objective

Our objective is to study the phase stability and elastic properties (mechanical
properties) of Al-Li alloys by means of first-principles electronic structure calculations.

Motivation

The motivation for this Study is provided by the rather strange and technologically
useful thermc_lynamic and mechanical properties of Al-Li alloys, especially alloys with
dilute Li concentrations. Most important anaong these properties is the weight reduction
with increased stiffness that results fl'om small additions of Li (-4%) in Al. This

phenomenon makes Al-Li alloys prime candidates for aircraft structural materials.

Description of Technical Activities

The first stage of the study consists of calculating the equilibrium themaodynamic
properties of AI-Li alloys across the concentration range, in both. fcc and bcc phases. Our
goal was to complete this stage in the first year of the project; we are confident that we shall
be able to do so.

Calculations Completed (Technical description)

Calculations of equilibrium charge densities, lattice constants, and energies of mixing
have been completed for alloys based on both fcc and bcc crysufl structures at selected
concentrations. Calculations of effective pair interactions are currently underway.

Physical Significance of Resulls

Our results indicate that bcc-based alloys with lithium concentrations of 50% and 75%

will order at low temperature in the B32 and DO3 phases, respectively. This behavior is
consistent with experimental and previous theoretical studies carried out on the basis of
phenome:nological models.

Dilute Li alloys in the fcc phase, which are the technologically important ones, exhibit
very rich behavior. An example of this behavior is illustrated in Fig. F,S-1, which shows
the variation of the effective pair interactions for 1st, 2hd, 3td, and 4rh neighbors (indicated
by the numbers al(ing the curves) for the 25% l,i alloy. These interactions provide a strong
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c].tle,a_ Io lhc stable struc:turc prcl\'rrcd liy tl,,.' alloy at l(.)w tcrnperaturc. A l_(,_siti,,,,(,.'V ;tr_.l _I

negative V2, for example, would indicate thai the allov tends to Form in the Li2 sli'tlCttllC.

Indeed, ,mtasta/)le L,i2 precipitates have been observed experimentally in these alloys. ,,Ns

Iri<, lv,S - 1 indicates, near the Ferrrli level V I varies very r_'l:,i.'{lvwith respect to chore\,

,,\lillc)l.igll ii ::.,Flcgativc iiici'e, its;la,'g_ slope is in t',l_.'t:t :cite)rig indic<ilion o1"a l_¢):-_:qi_lc

metasiabilitv. Sm;iii additions oF lernary impurities might precipitate lhc lllelast_iblc stale.

0 _'li"" -"" " 3tel" ,

--- _ _"_EF""" -
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Fig. ES-1. variation of effective pair iritcractiorisas a function o1energy iri Fcc,,\l-Li alloys willl l.i
c:oncorltratiorlof 25%. The numborsricxtI()lhc Ctlrvcs denotetherlear-rlcigtil'_ortypelorrncdby tilesilos in
II-lcpair.

"l'he calctihitioris oi' ph;.tse stability ot" fcc AI-L,i alloys has re'vcalc(t ii wealth c)l

"'uricxpectcd" physical behavior. These alloys are "shT_ple" iri lhc sense It'1;.11they ',ire

cotnprised ot clcrnerits with low atorYiic riut-Ylbcrsthai are llOt characterized by l'CSoilai'it.-

t_ctl',l\'i0r it1 any of the scaitcririg chaririels. Arid yet these alloys have t'nadc ii Ilt.'CCgSllI'\' tO

rclhink lhc c",llculalioll of lhc illlov tot;.ll cricr<,ics a procedure lhtll was lhouLthl lc_bc ,,,,'cii

cstat._lishc(I. We expecl that t'tlrthcr .',:.tu(tyof the phase slability tri"these alloys will l_r_)\'c
cxcitin<, an(l int'(>rmative.

P ii I)I icaI ioii s ":

iX. Gonis, P. E. A. Turchi, M. Sluiter, F. J. Pinski, arid I). I). ,lohrlson, "Electronic
StructLlre arid Phase Stability Fh'operties of AI.-1,i Alloys,"' stibnlilicd I'()r the
l-'r(J(,'f_dUi#l_,s"of the Spririg Meeting of the Materials Research Scvciel\,, San t:ranc,isco,
('alit'., Apr. 16 2(), 199().
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THE STRUCTURE-PROPERTY IANK IN
SUB-NANOMETER MATERIALS

A. F. Jankowski (Principal Investigator)

' a

The structure-property link is critical in sub-nanorneter scaled materials, Th_s is

especially true for microstructures with alternating layers composed of only a few atomic

planes each (i.e., multilayers), in this project, the objective is to detemline the eqtlilibrium

atomic configurations and phase stability of multilayer systems, then to link the atomic

structure (both theoretically and experimentally) with the observed elastic behavior and

magnetic-optical properties [Refs. SP-1 through SP-81.

The multilayer structures m'e synthesized using dc-magnetron sputter det'x)siti0n. The

thin-film samples are composed of several hundr_ layer pairs with repeat periodicities

ranging from 0.6 to 9 nra. Our process is competitive with molecul_u" beam epitaxy, in that

it allows for the monolayer level of control needed to produce superlattices with

compositionally abrupt interfaces. The multilayer systems currently under investigation are
Au/Ni, Nifl'i, and Au/Nb.

The meclumi_.'al propero' measuremetzt of A u/Ni multilayers is being pursued at

Stanford University under the supervision ofW. D. Ni.v. The measurement of an in-plane

Young's m_.×tulus from the deflection of a composite multilayer-cantilever beam using a

rnicroindenter has currently revealed no modulus enhancement IRef. SP-I ], An ext;lanation
c),.cr why the stlpermodulus effect has not been found by microstructtwal and testing

meth_xzls is being investigated.

Direct measurement of the multilayer-canti!ever beam curvature does prove interesting,

however. If a constant modulus value is assumed, the computed internal stress of the

multilayer-cantilever beam follows the composition wavelength dependence of the

supermodulus effect (i.e., a maximum compressive stress _.tt2 nra) (Fig. SP-l).

0.01 --- _ 200

..- 0 0
E ..ff

• - rq ,',

-0,01 -200, --_

o -0.02 :400
---4:3-- Curvature
----_-- Stress

-0.03 -600
0 1 2 3 4 5

Wavelength (nra)

Fig. SP-!. Curvature (tam-1) o1 Au/Ni conlpo_:ite,microt)canls and cstimalcclstresses (Ml:'a).
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These modulus measurements provide a milestone for mechanical property evaluation
of as-deposited thin-film multilayer structures. To measure the hardness of the films
without destroying the underlying multilayer structure necessitates indentzttion depths less
than 5% of the film thickness. Therefore, to firmly establish hardness trends, multilayers
greater than 1-Btu thick are needed; spatial resolution limitations require indents greater than
50 nra. This will tentatively be pursued in late May-June with the fabrication of additional

q

Au/Ni multilayer samples.
Microstructure of the rnultilayers is investigated with x-ray diffraction measurement and

modeling under the supervision of,/. Ctlaudhuri at Wichita State and with high-resolution

electron microscopy (HREM) at I.,L,NL. Measurements of interplanar spacings from high-
resolution Au/Ni micrographs provide a direct test of the" "str,un relaxation from coherent

interfaces" concept, as propos_ in the coherency strain model (CSM). From the HREM

measurements and new modeling amdysis techniques, as supported by the collaboration

with 7".Tsakalakos of Rutgers University, '.he composition profile through the interfaces of
the multilayer may be uniquely detemained analyticzflly. This milestone on the structure-
pre>perrylink using dynamical diffraction theory is anticipated in July-Augtlst. Preliminary
kinematical x-ray diffraction (XRD) results are suppoiliv(.- of the (.?SM IRcfs.SP-2,SP-5I.

The Au/Nb system is one in which a near-zero misfit exists between the (I 11) Au and

(11()) Nb. Yet, when deposited as ztmultilayer, a strained layered superlattice results. In
tilct, the average lattice spacing in the modulation direction is found to vary with the repeat
period, beyond a rule-of-mixtures average (Fig. SP-2). The Au/Nb IiREM results support
another example of the strain-relaxation concept t'rom strained intertilces IRef. SP-31.
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l:ig, SP-2. The variation (d I,/dl_rag_,' (nra 1) wiIll repeat pcri(_<l(t/,,ulNh (n,l).

Mtlltilaycr structures are a usctul mcdiuna for studying l)henolncna in alloy statfih'ty atzd
pha,se tratq/brt_ltimls. We consider solid state amorphizaticm as being induced throtlgh
the mechanical all(_ying of' powders through ball milling or the irradiatioll of crystalline
sc:_lids.The kinetics anddriving forces _i bulk processing do nol readily clarify the physics
{_tam(_rphizalion. Thin-film studies, without an amorph(nlS l)arent phase, rem(we the
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bulk-processing obstacles. A c'om//etely c,_3,stallinemtzltilayer was tnscd to sttldy lhc so,lift-

state amorphization of Ni-TJ (55 at.% Ni). An i_zs//u trarlslnis:,_i_nc]cclrcm _nicr_:,<'Ol_3'

('l'12M) isothermal anllcal is tlsc'_ltc, amorphize lhc crystalline binary .',;Irucltzrc'by m,,L'arl.,,;of

irlterdifl'tlsion of nit'kel preferentially in to the titanium. This is perhaps the first tilnc thal

this phenomenon has been observed in real time IP,el'.Sl:'-4I, Determination oi' the s_rtlc_.t_r',_I,,

origin may now be more rigorously pursued (e,g., Does the amorphous l_hasc rlut:lcalc
•- ¢) '

frorn an incoherent or frorn a cotlerent intertIace, ). Actditional samples with pr_,_rcs!qivcl\'

shorter repeat periods may lead to Ni-Ti int erfa.ce structures that pass through an

irlcoherent,cohererlt transit ion and therefore hel p Clarify the structural mechanisrn c_f sol icl.-

state amorphization.
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