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I . 1NT H ( ) t ) I I C l ’ I ( J N

\tmosphcrlc experiment s involving the t -elciase 1) 1 metal atoms have been

a subject of interest for a numbe r of years. The release of bar ium vapor and

Its subsequent photo—ionization has been used to provide partial simulation o

nuclear detonations. Barium payloads can be utilized in Translonospheric

Satellite Communication program s for the purpose of perfo rming propagation

experiments in ttfl environment which simulates certain aspects of nuclear

detonation.

The objective of this effort was to (a) pursue analytical studies, computa-

tions , anti consultation for the Defense Nuclear Agency ’s (l)NA) Ad Hoc Panel

for Redef inition of Barium Metal Vapo r Release Technology for Advanced

Communications System Program , and (b) pursue laboratory Investigations

which Involve optimization studies of advanced concepts In atmospheric re-

lease technology in term s of barium vapor yield (efficiency) and Increased

safety .

II. THERMOCHEMICAL CONSIDERATIONS

A. Prediction of Barium Vapo r Yield Based on the TI/ B Reac

The high exothermicity associated with some condensed phase Intermetallic

reactions was Identifi ed (1, 2) as a convenient and potential ly effective means of

generating meta l v apors for atmospheric releases. The reaction between titanium

aai boron has been used as heat sou rce for atmospheric releases involving alumInum (2)

as well as barium (
~~
.

1



in order for a given scheme to be of pr~ict ic:tl interest , th e followin g

c riteria must be satIsfied: 1) Reaction can he easil y initIated ; 2) once initiated

the reaction must be self—sustained at a fast rat e; 3) the realized temperatures

must he high enough to vaporize the metal of inter est ~ 4) the system must be

scalable to large quantities , and 5) the reaction should not he explosive .

As previously stated , one of the most promising reactions which was Iden-

tified was the reaction between titan ium and boron (In the condensed phase) to

form titanium diboride accord ing to the following stoichiometry:

Ti(s) + 2B(s) —b TI B2 (c) + heat .

Due to favorable thermochemical propertles, thls is a “gasless” reaction , I.e.,

the only product in addition to heat is the condensed phase of TI B2
; the calculated

adiabatic temperature resulting fro m the above reaction is 4043°K.

In view of the fact that the boiling poin t of barium (2100°K) is considerably

less than the calc ulated adiabatic temperature , it Is sale to assume that the

system can be used as “barium vaporizer” by simply adding bari um to the mix-

- 

ture. The vapor pressure of barium in comparison to the othe r two components

of the system (Ti a~ 1 B) Is shown in Figure 1. Since the vapor pressure of barium

is five to six , orders of magaltude higher than that of TI and B respectively, it Is

expected that extremely small amounts of gaseous titanium and boron would be

generated during the barium release. Using the thermochemical properties

(Table I) which govern the yield of barium vapor , the TI/ B/Ba system was

balanced near the boiling point of barium:

2

- -V



_ _  - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0— c
0

-‘-I
1-1

0- o

rJ~jV
‘ ‘-4

0
V 0

Q

V 0

\
\ w z

Li 0
\ ~IJ

o ~~~~~0 Li NJ
In u~ i-i
~~ n. ~~\ S 0

0

0
V - o

I’,
-4

• 0[~ I I I 0
o ,-i (‘-1 -f 9
—4 I I I

0 0 0 0
-~

(wly )  a3nss~~,~ .zodeA

•1

~

V

I

A 
________________

V 
V — ~~V - V~ 

- V _~~~~~_~~~~~~~~~~~



- _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V C)

— C)

C) 
C~

n C)~~~~ . 0)
o —, Cl

~~ C) ‘ —4

~
V_ __________  

_ _

- 

— -  ~~~~~~~~~~~~~~~~~~~~~~~~~~

0 U) 0 0
I 0 U) 0

— U) 0) 0
C) C’)

A
z V~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~ V 4
o n
~~4 0
~~ 0~~~~ ~~~~~~~~

O ~~~~~~ 
0 0 I

o ~~~ C)

~ E- ~~~~~~~~~~

-~
-1~
0

— C’)0
C) ~~ 

+ 1
• . . Cl

Cl U)
< C )

be ~~
I-, _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 0 0 C)
0 0 0)
0 C)

— Cl C)

— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4

_______________________ 
__________ 

.4
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - .~~~~~~~ -V • 

- .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



‘IA nil : II

TH ERMO CII  EM ICA L C()MPAIUSONS

REACTK)N Ba CUO = Ba() ~ Cu

mol. weight 137.36 79.57 153.26 63.57 216.93

~\ H 298 (k cal/mol) 0 — 3 7 . 3  -132.3 0 — 95.0
2100

Cpd] - 11tr 2 3 . 2  15.0 38.2
29

N F l  A \ ’ A l LA I ~ LF H EA T :  56.5 kcal/mol
- 0 . 26 kcal/g

REACTION 2B ‘ Ti TIB
2

mol . weight 2x 10 .82 47 .90 69.59 69. 59

A H (2 98) 0 0 -71 .6 - 7 1 .6

2 100

C~~dT+H~ 31.7 31. 7
298

N f V l  A VAILABLI .:  H E A l :  -39 .9  kcal/mol
-0 .57 kcal/g

5
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Ti(s) 2 B(s) (0 . 66 Ba(s~ Ti 82 (e) (1. 66 Ba(g)

( 298°K) (2 100 °K)

This suggests that  as mu ch as 0 .66 gram-atoms (or 90 . (ig) of Ba could be

vaporized by I — mole (69 . 59 g of Ti B9 which corresponds to a theoretical

efficiency of 56’ based on the total chemical weight.

B . ( ‘om arison of the Heat Production with Other Mixtures
1:s€ ’d for Ion Cloud Generation

As a baseline comparison , the Ti/B/Ba system was cempared with the most

widely utilized reaction between Ba and CuO which forms aO , Cu and Ba(g) .

The thermochemical properties of these two systems are showrl in Table H .

The net available heat for bar ium vaporization was estimated for both cases

as the difference between the exothermicity of the respective reaction minus the

energy required to elevate the products to a temperature equal to the boiling point

of barium (2 100°K).

2 j Ot)
11 available = 

~~~~~ 
11(2 98) - CpdT ~ H tr

—~~298

where Htr represents the heat of transition .

For the comparison , the amoimt of heat which one gram of the initial mixtures

evolves is crucial ;  as shown in Table II , the Ba/CuO reaction evolves ~~~5
9

O.26kcal/g while the Ti/B reaction generates 0.57 kcal/g.

Therefore, the ‘I’i/B mixture is about 2 . 2 times more efficien t than the Ba/CuO

mixture

6
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C. Laboratot- -
, Results_and Discussion

Thu T i B  ‘Ba rn ixture s ’ver e prepared in a dry box under flowing nitrogen.

The bar ium was in gr anules ranging in s t / c  from 0. 1mm - 2mm and was suppl ied

by Ventron (Beve r1~’ , M a s s . ) .  ihe  mixtures were subsequently loaded into a

graphite crucible and fired either in a vacuum tank or into a quartz tube in flow-

ing nitrogen at one atmosphere . *

The reaction crucible shown in Figure 2 has a volume of about 70 c-rn 3

and an orifice 0 . 5 c m  in diameter, it is made of Z ircor iia lined with grafoil to

minimize heat losses by conduction. The reaction was initiated with a hot wire

(800°C) and the vaporized barium ~ as partl y contained inside a quartz tube.

Figure 3 shows the conclusion of one such run ~~~~~~ the barium has been converted

to BaO by atmospheric oxygen .

The vaporization yield was estimated by removing the residual barium from

the reaction mixture by boilin g in hot water. Subsequent vaporization of the

water made it possible to reclaim the residual barium in the form of BaO .

Several concentrations ranging from 22-47 % barium (bs’ weight) were studied

and the results are shown in Table III .

As expected from theoretical predictions , almost total removal of the avail-

able barium took place. ‘I’he highest yield of 41. 2~ is indeed impressive. This

pr eliminary study suggests that much higher yields,than previously possible,can

now be achieved by this reaction with the additional advantage of increased safety.

A special pretreatment of the barium granules reduced drastically the
oxidation rate and made it possible to carry out the firings in flowing
nitrogen at one atmosphere.

7
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The safety aspi -ct is based on the fact that the T i - B  reaction requires a sustained

high local t em p e r a tu r e  of 800°C for inuia t ion and is insensitive to shock or electro-

static charges.

11!. ANALYSIS

Consultation to the DNA/RAAE Ad Hoc Panel No. 3, “Redefinition of Barium

Metal Vapor Release ! echnology for Advan ced Commun icat ions Systems”, was

provided by Dr. F. N. Alyea under support of the present contract. Specifically,

this effort required consultation with Dr. F. Bauer of’V tk~ institute for De fense

Analysis and emphasized preparation of the Panel r epor t entitl ed, “Bar ium

Releases for Communications Experiments .”

The work involved writing Chapter V , “Barium Release Phenomenology”,

general r eport organization , and considerable text editing, particularly in the

appendicies. The report has been submitted to DNA for approval.
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