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LEGAL NOTICE

This report was prepared as an account of Govern-
ment sponsored work. Neither the United States, nor the
Commission, nor any person acting on behalf of the Com-
mission:

A. Makes any warrant y or representation, express
or implied, with respect to the accuracy, completeness,
or usefulness” of the information contained in this report,
or that the ..use of. any information, apparatus, method, or
process disclosed in this report may not infringe privately

- owned rights; or
B. As~umes any liabilities with respect to the use

of, or for damages resulting from the use of any infor-
m ation, apparatus, method, or process disclosed in this
report.

As used in the above, “person acting on behalf of the
Commission” includes any employee or contractor of the
Commission to the extent that such employee or contrac-
tor prepares, handles or distributes, or provides access
to, any information pursuant to his employment or con-
tract with the Commission.
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ABSTRACT

A measurement of the Li7(n,n’~)T reaction cross section by absolute

counting of the tri.ti.um betas is described. The cross section was

measured at several neutron energies between 4 Mev and 15 Mev. A com-

parison with results by emulsion techniques is given.
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INTRODUCTION

One way of measuring the cross section for the Li7(n,n’(x)Treaction

is to determine the tritium yield by absolute counting of its beta activi-
.

ty. The half-life for the beta decay of tritium is x2.262 * O.O@ years,~

and the end point energy of the beta is 18.o kev.
2

These properties

require rather Iong irradiations for the expected cross sections and

demand that the activity be internally counted.

EXPERIMENTAL TECHNIQUES

A low background system was built using an ethane proportional

counter. Figure 1 is a schematic sketch of this counter. Qy the use

of Teflon plugs on the ends of a 9 in. long, 1 in.

counting losses in the end regions were minimized.

(O.002 in. platinum wire) was threaded through the

OD copper tube,

The center wire

1/8 in. copper tubes

held in the TeflLonplugs and crimped. The steel ends were screwed down

tight against the Teflon plugs to produce a vacuum seal for the counter.

The platinum and copper materials were chosen because they have lower

solution rates for hydrogen than most structural materials. Hence, the

increase in counter background due to internal contamination should be

reduced to a minimum. The counter had a volume of 80 cc and was filled

with ethane to a pressure of 20 cm Hg.’
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+— TO TOEPLER
n

—

Il.

COPPER TUBING

‘TEFLON

1“ COPPER—
9“ LONG

TUBE
, 1/16 “ WALL

—.002” PLATINUM

)-STEEL

H N CONNECTOR

1. Teflon-ended counter

i

‘----TO PRE-AMP

for counting the tritium beta activity.
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The counter proved to be about 95? efficient by comparison with a

counter of known efficiency.3,4

An anticoincidence counter surrounded the tritium counter and was

built as an annular ring containing ten 0.003 in. Kovar wires. The

counter and a,nticoincidencecounter were placed in a 3 in. thick steel

sleeve and then surrounded by 2 tons of lead as shown in Fig. 2.

The signals from each of these two counters were fed into ampli-

fiers which had been modified to accept pulses 30 times greater than

normal saturation without blocking. The amplifier gains were set at

about 104. By feeding the outputs of these amplifiers into the anti-

coincidence circuit with the discriminators set at about 4 volts, it was

possible to get voltage plateaus for each counter with less than 1$

change in 100 volts at 2000 volts. The plateau characteristicswere not

altered by the addition of hydrogen up to 25? of the counter filling.

The tritium counter had a background counting rate of about 55 counts/min,

but when used with the anticoincidence circuit the rate was reduced to

about 2.5 counts/rein.

Samples of metal Li7 were loaded into copper capsules 1/2 in. OD

and 1/2 in. high. The bases and covers were drawn from 0.007 in. electro-

lytic copper stock. Dry helium flowing continuously into an inverted box

gave a sufficient working volume for cutting the metal lithium and prea-

ai.ngit into these capsules by hand. The capsules were covered and

soldered shut to form the required seal.

tiniest hole would permit the lithium to

Care

react

was required since the

with the water vapor in

● m .*9 ● m. . . . . ●
● * :0::0.
● 0 .; ”:::”:

9* . . . . . . ● . ● .* ● *

9*●°0: : ● .“.“’:.“:
● ●**

●
● **:●::..: ● ma*
● **

● **** ● O* ● *

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



●
✎

.m
.

●
9

●
m●

●
:

●
●

:0

b.e
:

●9*
●

*-9
●

*O
:0:●

m
e=

:
:

●
*W

●
*O

●
9

*
9

9
-

●
*

●
9

●
:●

:
:

9
**

●
9

*

●
0

9
9

●
:

●

●
☛

✚
✚

●
☛

.9●
m

●
*a

●
●

●
.

.●
:

●
:

.9
●

●
8

●
a

b
m

em
em

●
0

0
●

m
8*

:
0
0

●
.
*
*

●
●

0
0

●
:*:

●
0

0
0

9
.
9

*
=
*
;

:
:

9
*

●
0

0
●

●

●
a

●
*

●
*

●
0

90●
9

●*m●
●

●
● *

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



the air,

process.

made the

The

plied by

8*
●

●

●

● O
.

●⑤✚
✚✚
● ☛

● ☛

●●o.
bb :
● eb ●

● 0
. . . .

● 9* ● *S

●: :
●

:●0: ..0

mm.

● ✎☛

● ●⑤✚
900.

● OB
● 00

● . . . .

forming LiOH which released water vapor during the extraction

‘1’M.swater vapor destroyed the counter plateau properties and

trittiumanalysis very difficult and subject to large errors.

samples were irradiated in monoenergetic neutron fluxes sup-

the P-3 and P-9 Van de Graaffs and the P-4 Cockcroft-Walton.

ANAIYSIS

In order to extract the tritium, it was necessary to heat the cap-

sules until the solder seal was broken and then to heat the capsules

above the

created.

peratures

hy(iridedecomposition point for any of the possible hydrides

Lithium metal is a very reactive material, especially at tem-

above its melting point. The following procedure was adopted.

The capsule was placed in a steel sleeve 3/4 in. long, 5/8 in. ID, and

with a 0.035 in. wall. Loose fitting steel discs covered the ends, con-

fining the capsule but permitting evolved gases to escape. This sleeve

was used as a thermal radiator in the induction heating system. Sur-

rounding the sleeve was an open-ended quartz tube 6 in. long and 20 mm

OD. This assembly was placed in an 8 in. long, 24 mm OD quartz tube

which had one end closed. Finally the entire assembly was inserted in

an 18 in. long, 28 mm OD quartz tube which was waxed (Apiezon W) to the

vacuum line analysis circuit. This three layer quartz system was sur-

rounded by a water cooling jacket around which the induction heating

coils were wound. The system is sketched in Fig. 3.
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Fig. 3. Quartz evolution system.
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The induction heating of the steel sleeve caused the enclosed cap-

sule to rise in temperature above the solder melting point. The lithium

and the solder normally reacted exothermically but the explosive response

was confined by the steel sleeve. Much of the tritium was released at

this time. The temperature of the steel sleeve was raised to 1200°C,

which caused the lithium to react with the quartz and usually destroyed

the inner 6 in. tube (sometimes the 8 in. tube also). Occasionally

during this operation some lithium metal was deposited on the water-

cooled outer quartz tube. Because some tritium was carried along with

the lithium, a second extraction was made using a muffler furnace. The

coils and water jacket were removed and the quartz system heated to

llOO°C for an hour. This evolved most of the remaining tritium (5 to

10$ of that extracted during the induction evolution).

The reason we used the water-cooled induction heating system was to

force the lithium reactions with the quartz to occur at a place which

would not destroy the “vacuum” of the analysis line. The second furnace

heating permitted lithium reactions with the quartz vacuum jacket but

considerably fewer reactions occurred because of the first induction

heating. Even if the vacuum qmrtz tube broke during the second heat-

ing, less than ~j~of the tritium would remain unanalyzed.

The evc,lvedgases were collected in a Toepler pump (Fig. 4) and

added to the ethane of the counter. When the evolved gases were added

successively to the counter,

a limiting value, indicating

the measured activity increased and reached

that all the tritium had been extracted. A
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small amount of hydrogen was added to the system before the evolution to

act as a carrier. This prevented any loss of tritium in the transfer.

In order to identify the activity as that due to tritium, the gas

was passed throug$ a palladium window. The counter filling, including

the evolved tritium, was transferred by the hand Toepler PUmP to the

automatic Toe:plerpump loop. A liquid nitrogen trap condensed the

ethane, leaving the tritium (and hydrogen carrier) to pass through the

heated palladium (500°C).

the gases

counter.

2 hours.

densed in

which had passed

Normally all the

The counter was refilled with new ethane and

through the palladium were added to the

original activity could be recovered in 1 to

If some of the tritim was collected as water vapor, it con-

the liquid nitrogen trap. When this trap was replaced with a

dry ice trap, the water vapor was held but the ethane released. Per-

mitting the remaining water vapor to pass over uranium at 900°C released

the hydrogen and tritium. These gases could be passed through the heated

palladium and added to the counter to check for the remaining activity.

With this system it was possible to verify the activity as that due to

tritium to better than 95% in all cases checked.

CORRECTIONS

The source of neutrons was really a line rather than a point and

corrections were made to account for this. Because the samples were not

located

angular

samples

on the target axis in all cases, an adjustment was made for the

distribution of the neutrons. Neutron flux attenuation in the

was taken into consideration.
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The enriched Li7 material was analyzed mass spectrographically. A

chemical analysis was made on several typical capsules to determine the

amount of lithium they contained. This permitted a correction to be

made to account for any nitride or hydroxide formation during the cap-

sule loading.

The tritium activity measurement was corrected

between irradiation and extraction. Empty capsules

for any time delay

were irradiated at

each energy in the same flux and analyzed. Although only a trivial

amount of activity (d? counts/rein)was found, the tritium counting rates

from the samples were adjusted for it.

RESULTS AND RELIABILITY

4.0 Mev Neutrons

Five 0.5 g samples of metal Li7

Van de Graaff. The 4.0 Mev neutrons

irradiating a deuterium gas target 3

center of the target was 0.90 Mev).

were irradiated at the P-3

were supplied by 1.50 Mev deuterons

cm long (the deuteron energy at the

The ring of capsules (Fig. 5) was

located so that the distance from the effective center of the neutron

source to the capsules was about 6 cm. The neutron flux was determined

by the deuteron beam and the D-D reaction cross section.5 One of the

samples was improperly sealed and could not be analyzed. The other four

showed a spread of 20~ with an average deviation of;8~. The uncertainty

in the neutron flux was estimated to the *l@. The measured cross

section was 105 f 15 mb. The neutron energy was 4.0 t 0.2 Mev.
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b.6 Mev Neutrons

Five 0.5 g samples of Li7 were irradiated in a flux of 5.6 Mev

neutrons at the P-9 Van de Graaff. The neutrons were supplied by 6.7 Mev

protons bombarding a 6 cm long gas target of tritium (the proton ener~

at the center of the target was 6.38

lithium were located in a ring (Fig.

target so that the distance from the

fective center of the neutron source

Mev). The capsules containing the

5) in front of the tritium gas

center of the capsules to the ef-

was about 10 cm. The results from

the five samples showed a spread of 10$with an average deviation of 31.

The neutron flux was measured with a counter telescope6 and should have

a reliability of f7~.

a reliability of i6~.

The neutron energy was

Six 0.5 g samples

trons at the,P-9 Van

deuterons bombarding

energy at the center

ing the lithium were

The extraction and counting systems should have

The cross section was measured to be 340 t 35 mb.

5.60 t 0.05 Mev.

8.o Mev Neutrons

.7of LI were irradiated

de Graaff. The neutrons

“adeuterium gas target 6

in a flux of 8.o Mev neu-

were supplied by 4.9 Mev

cm long. The deuteron

of the target was 4.75 Mev. The capsules contain-

located in a ring (Fig. 5) in front of the deuteri-

um gas target so that the distance from the effective source of neutrons

to the center of the capsules was about 10 cm.

The extraction system leaked during the analysis of one of the

samples. The

average value

other five gave results which had a spread of 50$1of the

but which had an average deviation OL 12$. The neutron
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flUX

flUX

was calculated from the D-D cross section5 and the geometry. The

should have a reliability of ?8$.

The cross section was measured to be 450

energy was 8.o ? 0,1 Mev.

Five 0.5 g saraples

neutrons at the P-9 Van

MeV deutrons bcmnbarding

energy at the center of

9.6 Mev Neutrons

f 60 mb. The neutron

of Li7 were

de Graaff.

a deuterium

irradiated in a flux of 9.6 Mev

The neutrons were produced by 6.6

gas target 6 cm long. The deuteron

the target was 6.4 Mev. The capsules containing

the lithium were located in a ring (Fig. 5) so that the distance frcm

the effective source of neutrons to the center of the capsules was about

10 cm.

The five ssmples gave results which had a total

the average value, but they had an average deviation

spread of 14? of

of only 5$. The

6neutron flux was measured by a counter telescope with an uncertainty

?~$. The cross section was measured to be 390 t 40 mb. The neutron

energy was 9.6 k 0.15 Mev.

14 Mev Neutrons

Five 0.4 g samples of Li( and six 0.4 g samples of normal lithium

were irradiated by neutrons from the D-T source at the P-4 Cockcroft-

Walton. Because the thermal neutron flux near the Cockcroft-Walton is

relatively higher than that near the Van de Graaffs, a check on its

effect was deemed advisable. Since normal lithium has about 100 times

more Li6 than did the enriched Li7, the normal lithium samples would

of
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.7riched Ll samples

were located at 20

mainder at 10 cm.
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higher values for the cross section than the en-

if thermal neutrons were significant. Half the samples

cm from the center of’the

Figure 6 shows a graph of the results.

neutron source and the re-

The more distant normal

lithium samples gave higher values of the cross section

ones, indicating an effect of the lower energy neutrons

would appear that there is a thermal neutron background

tively constant. Since the enriched Li7 samples had only about 1$$as

than the closer

6
on the Li . It

which is rela-

6
much Li as innormal lithium, the correction was trivial. Positioning

the samples at various angles with respect to the deuteron beam made it

possible to have a neutron energy variation from 13.4 Mev to 14.9 Mev.

The samples of normal lithium proved to be of some assistance in

determining the change in the cross section with ener~ for Li7 since

the

the

the

change would be the same except for a displacement upwards due to

Li6 contribution. The listed values for the cross section are from

Li7 curve in Fig. 6 rather than frcm the individual measured values.

The neutron flux was measured by counting the associated u particle

in the D-T reaction and has an uncertainty of about *5Z at 13.5 and

14.8 Mev, and *3Z at 14.1 Mev. With this system, the cross sections are

as follows: 13.4 f 0.2”Mev, s2’j* 20mb; 11.1* O.lhfev} 310 t 15mb;

and 14.8 A 0.2 Mev, 305 t 20 mb.

It must be remembered that this technique measures only the tritium

production and will not distinguish the method of creation. Even though
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the cross section is listed as Li7(n,n’u)T,some fraction of the tritium

5*yield may come from Li7(n,t)He . Since the He5 breaks up into a neutron

and an a, the final products are the same as in the inelastic scattering

case.

!!!heresults of these cross section measurements are listed in

Table I. Typical counting rates from the samples are ~iven there.

I

TABLE I. Li7(n,n’CX)T CROSS SECTIONAS A FUNCT~ON

Neutron Ener~
(Mev)

OF THE NEUTRON ENERGY

‘&pical
No. of Counting Rate
Samples (counts/rein)

5 100

5 220

‘6 70

5 400

4 1200

3 1200

4 1200

!
\

Cross Section
for Tritium

Production (rob)

105 f 15

340* 35

450 f 60

390 * 40

310 * 15

305 t 20

COMPARISON WITH EMULSION TECHNIQUE

Lithium-7 loaded emulsions were irradiated by various energy neu-

trons and analyzed by members of LASL Group P-10. 7These results are

shown in Fig. 7,along with the present work for comparison. The smooth

curve drawn through the points shows a reasonable variation in the cross

● ✎ .00 ● 8* : “:”020.*::
.0

● ***

● ● ●: : y

.*
● * ● *a ●**, ● **

● ● ● 9eb
:mwe

● *O . :
● ,0 ●

.***

9 ●ee .*9
.. . ● 9**

● 0
b ● oo ● *

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



●
ea

9*

9
*O

.O
O

:
●*.

●

●
o

O
*O

::e:
●

.
●

w
e

●

99*
●

O
*

●
*be

●
0

●
-9

.
●

9
*a

0
m

‘O
..*:4

●
O

O
●

00
●

0
0

●
0

●
●

O
:
.
:
:

>

●●
0

●
*

●
.0

.
.
:
.
0

●*

c
)

c
)

u)

04

00m
00N

\

(
S
W
)
N
O
1
1
3
3
S

S
S
O
&
J
3

●
*9

9
..*

●
ae

●
.

●’
.
.
.
.
.

.
.

●
☛

✘
✎

☛
✎

✎
✎

✎
✎

wuN

.

●
e***---

---
●

_9
●

●
0
:

i
●

0
::0

8
****...

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



section. The rapid

the 4.6 Mevand 6.5

1.

2.

3.

4.

5.

6.

7.

W. M.

L. M.

A. G.

Phys.

A. G.

J. L.

S. J.

● 9
● ●m. ● O9

: ●°08 ● . ● ●°:
:0: e

● *9.

:00. ● **
●

90:
● , ● a. .

● . .
● 9* ● *

.-: ●0: .:. ... !._
--

—. . . ___ —-——

● * .
::..—

.*

increase in yield corresponds

Mev levels in Li7.
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