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SUMMARY

Proton backscatter analysis has been used to study 1lithium-boron residues which
have been produced by a chemical process designed to extract the free 1ithium phase
from Tithium-boron alloys. On the two samples studied there is no evidence of the
presence of Li on those surfaces which were in direct contact with the extraction
chemicals. This depletion appears to be at least 3.5 um deep. Measurements on the
inside surfaces show that Li is present in a concentration which is in excess of the
bound Li content of the samples.

The work which is reported here was supported by Independent Research at
Naval Surface Weapons Center under Task Area Number ZR01206
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INTRODUCTION

The use of a Li-B alloy as a possible anode material for batteries is currently
being studied by this laboratory. This alloy has a potential safety advantage over
other Li bearing materials since it may provide an anode with a relatively high con-
centration of free lithium in a high melting point matrix of a 1ithium-boron alloy.
One of the problems is to determine the phase composition of these 1ithium rich
alloys by determining the relative amounts of free and bound 1ithium. A technique
introduced by Kilroy and Angres! involves the chemical extraction of the free
1ithium from the Li-B alloys and the quantitative determination of its concentration.
The extraction medium consists of solutions of dry napthalene in dry tetrohydrofuran
(THF). A description of the procedure is given in reference 1. The extraction
procedure is continued until no additional l1ithium is found in the leaching medium.
By knowing how much Li and B were used in the manufacture of the Li-B alloy and how
much Li is removed by the extraction procedure, the amount of Li remaining in the
residue is thus measured, and the stoichiometry of the residual alloy is inferred.
It was concluded from this investigation that the free Li phase may be removed from
the Li-B alloys by this process, and the empirical formula of Li
was inferred for the residual compound. It was the purpose of t%e 1nvest1gag1on
reported herein to use ion-beam backscatter techniques to study Li-B residues pro-
duced by Kilroy and Angres as an alternate procedure for determining their Li-B
ratio.

METHOD

Ion-beam scattering is a valuable tool for determining materials surface com-
position. By measuring the energy spectra of monenergetic ions scattered from solid
targets at a fixed angle one may determine the target constituents and under proper
circumstances the stoichiometry at or near the surface. The energy of an ion of
incident energy Einc and mass M1 which has been scattered by a target atom of mass

M? through laboratory angle 6 is given by

Escatt - K Einc,

where the kinematic factor K is

2 - 2
; [&1 coso + M2 -M] sin“o ]
M2 + M] '

The kinematic factor for several target atoms pertinent to this problem for projec-
tiles of protons and helium ijons scattered at a 1ab angle of 155° is given in Table 1.

1. W. P. Kilroy and I. Angres, "Determination of Free Lithium in Lithium-Boron Alloysn
NSWC/WOL TR 77-129 (April 1978).
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Table 1. Kinematic Factors for Protons and Helium Ions Scattered
at 155° by Selected Target Atoms

Element Mass K(Protons) K(He)
Li 6.939 0.572 0.080
B 10.81 0.700 0.226
€ 12.01 0.726 0.266
N 14.01 0.760 0.325
0 16.00 0.786 0.377

Thus, a 1000 keV proton scattered from Li at 155° has an energy of 572 keV while
the energy is only 80 keV for a 1000 keV He ion. Because of this low kinematic
factor for He on Li, this study was made with protons only.

Scattering from atoms inside the target as well as from those on the surface
contribute to the particle spectrum from a bulk sample. The particles scattered
from atoms inside the target have a lower energy than those scattered from atoms
nearer the surface. The maximum enerqgy is due to those scattering eventswhich occur
with atoms at the target surface. Furthermore the scattered spectrum from a com-
posite target is a superposition of particles scattered from each constituent,
each with a different kinematic factor. Thus, an energy spectrum of 1000 keV
protons scattered from a Li-B composite at 155° shows a sharp reduction in the
number of counts as the energy of the scattered particle is increased above 572 keV
and another sharp decrease as the energy is increased above 700 keVY. The first
reduction is due to scattering from Li and the second from B. The intensity of the
spectrum at these two edges is due to their concentration at the sample surface.

The counting rate for an incident particle of charge Zy scattered at an angle
scattered from a thin layer in a target with atomic number 22 is given by

€ = IG(E,e,I’.],Zz) N tdQe ,

where I is the number of incident ions per second,_o the differential scattering
cross section, N the number of target atoms per cm®, t the target thickness, dQ
the detector solid angle and € the detector efficiency. For cases in which
scattering is from a composite target, I, t, g, d2 and € remain constant for
scattering from each constituent. Thus, the relative concentration of atoms in a
target of atomic number ZA and ZB is given by

where C(ZA) and C(ZB) are the intensities of the scattered particles from con-

stituents Zp and g respectively and are obtained from the backscatter spectrum.
The scattering cross section o(E,Z) is known from other sources and, in general,

6
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is calculated directly from Rutherford scattering theory. When protons are used
as a probe on targets with Tow atomic number (Li and B in this case), Rutherford
scattering is not the only process which can contribute to the scattering spectrum.
Nuclear elastic scattering and possibly other nuclear reactions must be considered.

RESULTS

Measurements were carried out at laboratory scattering angles of 155° using 1
MeV protons from the NAVSWC 2.5MV Van de Graaff Accelerator. The scattered protons
were detected using a silicon surface barrier detector and the proton spectra were
recorded in a multichannel analyzer. Targets of reported residue composition of
Li1.0681 00 and L1'5 0484 0o Were investigated. Only those results from the former

target are reported here since those from the latter give no significant qualitative
differences from the former.

Spectra from two parts of the target were taken, one from the outer surface of
the sample as supplied to us and one from an inner surface after the sample was cut
open. The two spectra are shown in Figures 1 and 2 respectively. The features of
the two spectra are decidedly different and bear significant conclusions for the
extraction process. In Figure 1 we see a sharp edge due to scattering from B
(700 keV protons) at the surface of the sample but no apparent feature due to
scattering from Li (572 keV). Thus, there appears to be 1ittle or no Li at the
surface of the sample. This surface was in direct contact with the extraction
chemicals. On the other hand the backscatter spectrum, Fiqure 2, taken from the in-
side surface of the same sample shows strong features due to scattering from both Li
and B indicating presence of both. In addition, the presence of oxygen is also
quite evident from this sample. This feature is not surprising if one were to
assume that “free" Li was still present in the sample's interior and that it
oxidized readily once the sample was cut open. This change was observed visually;
immediately after cutting the sample open, the inside surface had a silver
appearance which slowly turned greyish white on exposure to the atmosphere.

Under the assumption that the major contributing factors in the intensity of
the proton spectrum are the Rutherford and nuclear elastic scattering probabilities,
the stoichiometry of the surface was determined. The elastic scattering cross
sections of Warters et al? and Bashkin and Richards® for Li, Taufest and Rubin* for

113 and Laubenstein and Laubenstein® for ]60 were used. Using equation.1 anq
¢ = Ogqastic ¥ SRutherford the relative concentrations of Li:B:0 for the interior

surface was determined to be in the ratio of 1.4:1.0:0.6. This ratio is in contrast
with the Li:B ratio of 1.15:1.00 as reported by Kilroy and Angres.

2. W. D. Warters, W. A. Fowler and C. C. Lauritsen, Phys. Rev. 91, 917 (1953).
3. S. Bashkin and H. T. Richards, Phys. Rev. 84, 1124 (1951).

4. G. W. Tautfest and S. Rubin, Phys. Rev. 103, 196 (1956).

5. R. A. Laubenstein and M. H. W. Laubenstein, Phys. Rev. 84, 18 (1951).
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The determination of the Li content at the surface of the uncut sample was
done statistically since the spectrum does not show any clear evidence of Li.
Under the assumption that if Li were on the surface its presence would have been
detected if the count at 576 keV were three standard deviations above the count
actually obtained, the residual compound of Li<0 ]281 00 “as determined. This

value also is not consistent with the reported values of Li] ]581 00"

CONCLUSIONS

The ion beam analyses of the two Li-B alloy samples which were supplied to us
do not show the presence of Li on those surfaces which were in direct contact with
the extraction chemicals. This depletion is at least 3.5 um deep into the samples.
In addition, our measurements on the inside surfaces of these samples show that the

Li:B ratio (1.4:1) is in excess of the reported value for the bound Li phase (1.15:1).

On the basis of these measurements we conclude that all of the Li (free and bound)
was removed from the outer surfaces of these samples. We also conclude that the
chemical diffusion was insufficient for effective Li extraction from their interiors.
These results appear to be in direct contradiction with the claim that the chemical
extraction process only removes the free Li from these alloys and that there is
sufficient diffusion and porosity to ensure uniform removal of all of the free

Li from the bulk samples. However, since our measurements were made on a limited
number of samplies, any general conclusions to be made which would resolve this
apparent contradiction must be reserved until a more comprehensive set of measure-
ments can be made.




3NAIS3Y 8-11 40 30V4HNS TYNHILXI FHL WOHL AIHILLVIS SNOLOHI AW 0'L 40 WNHLD34S ADHINI 'L I¥NDII
(A3) ADHINT

00LL 000L 006 008 00 009 005 00Y
T e Y
| “ -
¥ | f i |
H3sInd _ _ [ I
| “ _ ! |
3 i |
| | _ g ~
: | _r ! P “ +
m w w _ |
! | | | |
8 | L | i
m N : i ~
< | i [ x
= i i | M
o H i !
= i i ! |
@ ! ! | {
2 1 i w -
| | ,
| m | o
| | I i
i i I i
,_ ,_ 4
! | ﬁ k
o
{ X
| L L
1 Sl
nﬂ i x§ 3
” W F. ;
]
| | | |
851 = LY%% 4 al |

0

009

o0ozL

008L

oove

T S

SLNNOJ 40 HIFWNN




NSWC TR 79-95

s b e

‘INAIS3IY 8-'1 JO I0V4HNS TYNHILNI A3SOdX3 WOH4 A3HILLVYIS SNOLOYHd AN 0'L 40 WNHLI3dS ADHINI 2 3HNOIS

ooLl

(A®1) ADHINI

0001 006 008 00L 009 005 (14]77 00g 002
H * 0
x x
X x
>4
X
X
x X
0ov
X
X
x
»
| x *
]
_. 10
* X
| x E
o
m x ! W 008
| B
] b 4 1 x x
| | : x x
i ” X o
| g
| ox ‘r ” x X
43SNd | !
i ~ _ _“m...
| ! !
W | , "
¥ ! x
LW | ~ 5 — 00zl
| !
! “
_ !
A
|
|
gL =1V [
~ 0091

SLNNOJ 40 HITWNNN




T — M

NSWC TR 79-95

REFERENCES

1. W. P. Kilroy and I. Angres, "Determination of Free Lithium in Lithium-Boron
Alloys", NSWC/WOL TR 77-129 (April 1978).

2. W. D. Warters, W. A. Fowler and C. C. Lauritsen, Phys. Rev. 91, 917 (1953).
3. S. Bashkin and H. T. Richards, Phys. Rev. 84, 1124 (1951).

F=
o@D

. W. Tautfest and S. Rubin, Phys. Rev. 103, 196 (1956)

5. R. A. Laubenstein and M. H. W. Laubenstein, Phys. Rev. 84,18 (1951).

n




Naval Sea Systems Command
SEA 0331C (M. Murphy)
SEA 0331J (S. J. Matesky)
SEA 0331(J. W. Murrin)
SEA 9823
SEA 09G32
SEA 03B

Washinaton, D. C. 20362

Office of Naval Research
800 N. Quincy Street

ONR 472 (G. Neece)
Arlington, VA 22217

Naval Research Laboratory
NRL 6130 (A. Simon)
Washington, D. C. 20360

Defense Documentation Center
Cameron Station
Alexandria, VA 22314

David W. Taylor Naval Ship

Research and Development Center
Code 2724 (J. Woerner)
Code 2724 (H. R. lirback)

Annapolis Laboratory

Annapolis, MD 21402

Naval Electronics Systems Command

NSWC TR 79-95

DISTRIBUTION
Copies

12

Code PME 124-31 (A. H. Sobel)

Washinaton, D. C. 20360

Headquarters, Dept. of Transportation

U.S. Coast Guard, Ocean Engineering Division
GEOE-3/61 (R. Potter)

Washington, D. C. 20590




NSWC TR 79-95

David W. Taylor Naval Ship
Research & Development Center

Code 2723 (A. B. Neild)
Annapolis Laboratory
Annapolis, MD 21402

Naval Research Laboratory
4555 Overlook Avenue SW

Chemistry Division

Code NRL 6100 (Dr. F. Saalfeld)
Washington, D. C. 20360

Naval Air Development Center
Code AVTD 3043 (J. Segrest)
Warminster, PA 18974

U. S. Army Electronics Command

Code DRSEL-TL-P (D. Linden)

Code DRSEL-TL-PR (Dr. S. 5ilman)
Fort Monmouth, NJ 07703

Air Force Aero Propulsion Lab
Code AFAPL/OPE-1 (W. S. Bishop)
Code AFAPL/OPE-1 (J. Lander)
Wright-Patterson AFB, OH 45433

NASA Goddard Space Fliaht Center
Code 711 (G. Halpert)
Greenbelt, MD 20771

NASA Lewis Research Center

Code MS 309 (Dr. S. Fordyce)
21000 Brookpark Road
Cleveland, OH 44135

Frank J. Seiler Research Laboratory, AFSC
FJSRL/NC (Capt. J. K. Erbacher)
FJSRL/NC Lt Col Lowell A. King)

USAF Academy, CO 80840

Naval Weapons Support Center

Code 305 (D. G. Miley)
Electrochemical Power Sources Division
Crane, IN 47522

Energy Research and Development Agency i

Division of Applied Technology {
MS E-463 (Dr. A. Landgrebe)

Washington, D.C. 20545




NSWC TR 79-95

Edqewood Arsenal

Aberdeen Proving Ground
Library

Aberdeen, MD 21010

Naval Ocean Systems Center
Department of the Navy

Code 922

Code 251 (J. McCartney)

Code 513 (S. D. Yamamoto)
San Diego, CA 92152

Picatinny Arsenal U. S. Army
Code TAW Lab, Bldg. 65 (A.E. Magistro)
Code SARPA-FR-S-P (M. Merriman)
Code SARPA-FR-E-L-C (Dr. B, Werbel)
Dover, NJ 07801

Civil Engineering Laboratory
Code L-52 (Dr. W. S. Haynes)
Port Hueneme, CA 93040

Naval Research Laboratory
4555 Overlook Ave, S.W.
Chemistry Division
Washington, D. C. 20360

Naval Postgraduate School
Code 612 (Dr. William M. Tolles)
Monterey, CA 93940

Air Force Rocket Propulsion Laboratory
Code MKPA (Lt D. Ferguson)
Edwards Air Force Base, CA 93523

Army Materiel and Mechanical Research Center
J.J. DeMarco
Watertown, MA 02172

Strategic Systems Project Office
Department of the Navy

Code SP 2721
Washington, D. C. 20360

SOPpps—




ry e —

NSWC TR 79-95

Catalyst Research Corporation
G. Bowser

1421 Clarkview Road

Baltimore, MD 21209

Applied Research Laboratory
Penn State University

P.0. Box 30

State College, PA 16801

Electrochemical Corporation

2485 Charleston Road
Library

Mountain View, CA 94040

David Taylor Naval Ship Research & Development
Center, Annapolis Laboratory

] Code 2703 (W. J. Levendahl)

Annapolis, MD 21402

P. R. Mallory Company

Battery Division South Broadway
Library

Tarrytown, NY 10591

Naval Weapons Center
Code 38 (E. Royce)
China Lake, CA 93555

(RT&E Laboratory
40 Silvan Road

J.J. Auborn
Waltham, MA 02154

Foote Mineral Co.
Library
Exton, PA 19341

Lockheed Palo Alto Research Lab
Lockheed Missiles & Space Company, Inc
3251 Hanover Street

Library
Palo Alto, CA 94304

' ’ TR T L Y i alsBined
- i b s M i 8




e ———— e

A

NSWC TR 79-95

Naval Weapons Center
Code 6052 (A. Fletcher)
China Lake, CA 93555

USA Mobility Equipment R & D Command
Electrochemical Division

Code DRXFB (J. 0'Sullivan)
Fort Belvoir, VA 22060

Argonne National Laboratory

9700 South Cass Street
Library

Argonne, ILL 60439

EIC Corporation
55 Chapel Street

J. R. Driscoll
Newton, MA 02158

Naval Underwater Systems Center
Code 3642 (T. Black)
Newport, RI 02840

Union Carbide

Nucleport Corp.

7035 Commerce Circle
Library

Pleasantown, CA 94566

Naval Air Systems Command
Department of the Navy

NAVAIR 310C(Dr. H. Rosenwasser)
Washington, D. C. 20360

Harry Diamond Lab
Department of Army Materiel
Chief, Power Supply Branch
2800 Powder Mill Road

DRXDO-RDD (A.A. Benderly)
Adelphi, MD 20783

Catholic University

Chemical Engineering Department
C.T. Moynihan

Washington, D.C. 20064

Johns Hopkins University
Appiied Physics Laboratory
Johns Hopkins Road

Laurel, MD 20810




AP

Yardney Electric Corporation
82 Mechanic Street

Library
Pawcatuck, CT 02891

Defense Systems Division
Power Sources Center
Honeywell, Inc.
104 Rock Road

Library
Horsham, PA 19044

Wilson Greatpatch LTD

10000 Wherle Drive
Library

Clarence, NY 14031

Laboratory for Physical Science

P. R. Mallory & Co. Inc.
Library

Burlington, MA 01803

Hughes Aircraft Company
Aerospace Groups

Missile Systems Group

Tucson Engineering Laboratory
Tucson, AZ 85734

Power Conversion, Inc.
70 MacOuesten Parkway S.
Library
Mount Vernon, NY 10550

Eagle-Picher Industries
Library
Joplin, MO 64801

NswC TR 79-95

Electronic Material Sciences Division

Naval Ocean Systems Center
Library
San Diego, CA 92152

Naval Ship Engineering Center
NAVSEC 6157D (A. Himy)
Wahington, D.C. 20360

hxY

s s

s A




NDW.NSWC(W).3605/1 (Rev, $-78)

TO AID IN UPDATING THE DISTRIBUTION LIST

FOR NAVAL SURFACE WEAPONS CENTER, WHITE
OAK TECHNICAL REPORTS PLEASE COMPLETE THE
FORM BELOW:

TO ALL HOLDERS OF __ NSWC/WOL TR 79-95
by D. Simons,; D. Land, M. Brown, J. Brennan

DO NOT RETURN THIS FORM IF ALL INFORMATION IS CURRENT
A, FACILITY NAME AND ADDRESS (OLD) an Elp Eodo)

NEW ADDRESS (Show Zip Code) 7.4

8. ATTENTION LINE ADDRESSES:

C.

D REMOVE THIS FACILITY FROM THE DISTRIBUTION LiST FOR TECHNICAL REPORTS ON THIS SUBJECT.

NUMBER OF COPIES DESIRED

SPRO 530784




DEPARTMENT OF THE NAYY
NAVAL SURFACE WEAPONS CENTER
WHITE OAK, SILVER SPRING, MD. 20910

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300

POSTAGE AND FEES PAID
DEPARTMENT OF THE NAYY
DOD 316

COMMANDER
NAVAL SURFACE WEAPONS CENTER
WHITE OAK, SILVER SPRING, MARYLAND 20910

ATTENTION: CODE R 41

=




