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This

Copy

Attn: 	 Mr. E. B. Bergquist., 432o.

Ref. Syn: 	 4333/142, P. 0. 13-5966

Dear Mr. Fergquist:

Sandia Cor!poration
Post Office' Box 5600
Albuquerque, New Mexico

The following constitutes the sixth monthly repot for the period
August 1 to August 31, 1963, as required under PurebAse Order13-596 ,6: 	 -

Experimental investization was continued on Phase I, Part C of
the program. Presently our efnorts have been devoted to the prcparation and
thermal stability of hydrazino 1 -.:horane and other alternate materials for
this prograM.

The results of this

▪ 	

vork show that the rates of decomposi-
tion at 165°F of (1-), hydrazin) ':.:sborane, (2), a mixture of tetramethyl-
a=onium hydrotriborate(1) and t ...7:a=inuan:Idiniu= hydrotriborate(1-), and
(3) amixture of lithium boroh

▪ 

de and a—aril= chloride are orders of
magnitude higher than the 2.5 	 CC H2 evolved/gm-mole contained H2/yr
as specified in the purchase o:der. Although these systems did not meet the
stability requirements at 165 ° ::, it is very possible that the reqrairements
could be met at a slightly lowmr temperature. In 	 stability investiga-
tions indicate that lithium borchydride is stable at 165 °P. Investigation

UNCLASSIFIED
iNIMPIM mai
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of lithium borohydride systems will be,..n after the necessary lithium boro-
hydride is prepared. Work haS also started to prepare aminoborane.decamer
I( BH2NH2)16.] •

EXIYMM2412AL

Stability Determinations 

The thermal stability determinations were conducted in the same
type of metal bombs as used. for the hydrazine diborane (BH3N2g4r43) stability
studies except no hydrogen back pressure was used. This procedure is des-
cribed in detail in NPR No. 4.

Hvdrazino Bisborane Prenaration 

Three batches of hydrazino bisborane (h272H3BE2) were prenared by
the pyrolysis of hydrazine borane (112a4BH3) followed by =ethanol purification.
A summary of these runs is presented in SIble I. In these runs, the hydrazine
borane was charged to a five 1:t'- flask backed. -up with a three liter flask
to stop hydrazine =onoborane s..;7!....mate. After evacuation (through the three
liter flask), the five liter f 	 heated. Upon completion of the
pyrolysis as indicated by the :u. 	 of gassing and foaming, the crude
hydrazine bisborane was added 	 -.ethanol and heated to :reflux temperature.
After a given time at reflux t_7::rnture, the slurry 	 cooled and filtered.
The hydrazino bisborane filter ::- .e was unshed with =ethanol them dried
in vacuo.

A mixture consioting of ;3.4270 grams of tetramethylammcnum hydro-
triborate(1-) ana 4.5859 grams of trianinoguaniainiumhydrotriborate(1-) was
premared for stability studies. The reaction to produce hydrogen should
proceed in the following mannw:

5 (cii3)4N33F.a 	 2 ( 2 11.21:3)3C733.Ha 47E2 / 15 B i 14 C 

The starting naterials were -produced at Callery Chemical Company under an
ATTA sponsored proraa. 	

111E:1).
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TABLE I

RUN SUMARY

HYDRAZINO BISBORANE PREPARATION

Methanol
N2H4Blia 	Heating _ Crude Product	 Treatment 	 Purified Product

Run Charged Time 	 Temp Grams 	 B 	 t, 	 Ii 	 2i 	 N-N Bond Time 	 Temp Grams 	 B 	 C
No. Crams Hours 	 QC

	

math mst/g math math re:2216Hour 	 0 0 mat/g matk

2 	 70 	 18.7 34.8 1.4 	 '16 	 35.7 17.4 	 2 25-064.7 17.5 35.2 1.4-
18	 110

75-30 18.2
110-115

4.101.0MY

59.1 	 3 25 --4.66 38.5 	 34.4 1.3 	 116
2 	 69
4 	 95

20 	 105

34.7 35.2 1.0

Run 3 Purified Product 12.5 5.5 33.8

Theory for Bripyamoit2 	35.9	 0 	 103 	 35.9 18.0

UNCLASSIFIED
uummomme
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Lithium Borohvdride

The lithium borohydride vas prepared previously at,Callery
Chemical Company. Only tea Exams of this material was available. This
sample vas knovn to be about ninety-six percent pure *with teflon being
the major impurity.

Lithium Borohydride-Am=onium Chloride System 

A. mixture consisting of 2.9065 grams of the previously described
lithium borohydride and 7.1337 grams of vacu* dried. ammontmn chloride vas
.orenarei for stability:studies.. The reattien - to produce -hydrogen should
proceed is the following =miner:

REVJLTS 

UNCLASSIFIED

A summary of the the_"=a1 stability studies is presented in
Table 11. The tleat=ent of the data is the same as that for the hydrazine
diborane therrill 	 studies in metal bombs as discussed in 2.2?.. ro. L
The differences in the stability of the four hydrazino bisborane sa=ples are
probably due to smnll errors fn ,:yressure=easurement, vhieh are magpified
hen extrapolated to one year.

The =ethanol treatmvn% to purify crude hydrazino bishorane was
very satisfactory as irilicate 	 t.;-.e analytical results oresented In
Table I. These analytical 	 are also backed up by infrared spectra
which .n all cases irdicated 	 Ilant h:.drazino bisborane. The higher than
the:,retIcal hydrogen content ‹ 	 ce=les as determinedCy analytical

pro-se-cly in error. 	 extensive treatment of these samnles in
of temperature and metht.n.,;_ysis leaves little rhar.ee for inco=plete

cyrolysis of the hydrazine bo...ane.



TABLE II

SUMMARY OF RESULTS

THI.R4A1, STABILITY OF CANDIDATE SYSTII1S AT 165 °F

Sample Cumulative
Time
Hours

Cumulative
Pressure
Increase

PSIA

Time of 	 Bomb
Immersion Pressure

Hours 	 PSIA

Bomb Inner-

	

Free 	 scion

	

Vol. 	 Num-
	cc.	 herSystem

- n
. 	 .

m ,

'I -

n
m _

a .
Decomposition Rate 0Over Constant

Rate Period
EtAisaltakDlyt...A
CM-mole contained:

H2/Y1'•

Source
of

Material

13112212H2'112 Hun 1 	 7.01 82.7 	 1
2

	49 	 11 	 12

	

47( 	 12.7 	 23.7

	336	 17.4 	 17.4

	

249 	 12.3 	 I.2.3

	

142 	 6.1 	 6.1

336

249

142

2 (N2H0)3CB3110 	 CCC
3 (0113)414Dge

21

Run 2 	 5.35. 83.4

Run 3 	 5.38 88.4

Run 4 	 3.53 93.2

0.34 90.5
3.82
519

1 : 7,1 	 21
2 	 161
	 13.7

3 - 	 337 	 2.0 	 20.4

I,iBII 4
-LiBH4 / NH4C1

384CCC 	 3.02 90.4
CCC 	 10.04 87.8

	384	 (2 )

	87 	 (3) 	
(2)

1. Not quite levelled out during this period
2. Pressure fluctuations too small to be significant
3. Beyond limit of gage
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DISCUSSION 

t;,
The rates of decomposition at 165 r of (1) hydrazino bisborane,

(2) a mixture of tetramethylammoniumhydrotriborate(1-) and triaminoguani-
dinium hydrotriborate(1-), and (3) a mixture of lithium borohyr3xide and
ammonium chloride are all orders of magnitude higher than the 2.5 standard
cc H., evolved/gm-mole contained E2/yr as specified. in the purchase order
(Table II column 10). Although these systems did not meet the stability
requirements at 165 °F, it is very possible that the require  eats could be
met at some lover temperature.

Other systems are avaelable for tmis program. The use of lithium
borohydride . either by itself or vith a second component as hydrogen generating
systems, provide a possible means of meeting the stability recuirements of
this program. The use of materials containing methyl groups maynot be satis-
factory because of the possibility of forming methane and/or acetylene during
the combustion. Aminoborane decamer (12B5I2)10 also offers a possibility.
This material is purified by sUaiming at 302 °F uh.ch indicates tlInt the
stability at 165°F should be sw;isfactory. Unfortunately, the method of pre-
naring this material is notvel_ described in the .literature and preparative
studies are required. A list o 2essible syntems considered for this program
is presentee in Table III. All tnztae systems are comnaredvith the calcium
hydride-molybdenum trioxide sysx.:7 on both a weight and volume basis.

";:CF2...

1) PrePere lithium bordnydride for stability studies vith stafur and the
various fluorine containing materials.

2) St=ly the preparation of ar.1:noborame deoa=er to obtain enough material
for ztability studies.

5) Continue the investigation for otLer hydrogen generating systems.

Very trUly yours,

CALLERY CR171. CAL COZPANY
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III

ITITROGEN ::;: 7.:EATIr4 SYSTDZ

System S. Cr.
Mole H2

Uef.Cht
Im2rovc-
meat
Factor

Mole H2

Volume
Improve-
ment
Factorg cc

3 C&i2 	MoD3 2.54 0.0111 1 0.0282 1

BH3N2:143H3 0.91 0.0836 7.55 0.0762 2./0

BH2N2H2BH2: 1.15 0.0539 4.86 0.0620 2.20

LiBH4 I H4C1 1.11 0.0531 4.78.' 0.0588 2.09

(CH3)4;3375.3 / 14 Li 0.719 0.0647 5.83 0.0466 1.65

2 LiBH4 / S 0.926 0.0529 4.77 0.0490 1.74

3 (OH3) 41-.B3g8 / 2 (N2H3)3CB3He 0.879 0.0700 6.31 0.0615 2.18

(BE-2:r:12)io 0.0693 6.24

2 LiBH4 1.22 0.0378 3.41 0.0461 1.63

2 L1B:4 / CF2 1.0;,, 0.0427 3.85 0.0451 1.60

2 LI3K 4 	BeF2 -.01 0.0442 3.98 0.042,5 1.5

3 LiBH4 7= 11173 1.85 0.0257 2.32 0.0475 1.68

LiBH4 0.66 0.0690 6.20 0.0455 1.61

UNCLASSIFIED
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