UNCLASSIFIED

AD NUMBER
AD379190
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Qperational Use; 12 DEC 1966.

O her requests shall be referred to Ofice of
Naval Research, One Liberty Center, 875 North
Randol ph Street, Arlington, VA 22203-1995.

AUTHORITY

31 Dec 1978, DoDD 5200.10, per docunent
markings ONR [tr dtd 16 Feb 1979

THISPAGE ISUNCLASSIFIED




rFr

| GENERAL

" DECLASSIFICATION
- SCHEDULE

IN ACCORDANCE WITH
DOD 5200.1-R & EXECYTIVE ORDER 11852

THIS DOGUMENT IS

Subjeci to General nociassnmuon Schodule ot
Executive Order '1652-Automatically Downgraded at
2 Yaars Intervals- DECLASSIFIED ON DECEMBER 31,1972

BY

Defense Decuweniation Conter
Defense Supply Agwncy
Camarsy  Station

| Aloxandria, Virgima 22314




SECURITY
MARKING

EaN

The classified or limited status of this repoit applies
to eash page, unless otherwise marked.
Separate page printouts MUST be marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF

{Xﬁ CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any.way be related thereto.




CONFIDENTIAL

<

CS; Norton Exploratory Research Division
L NATIONAL RESEARCH CORPORATION
<3: 70 Memorial Drive

o Cambridge, Massachusetts 02142
@

This document consists
of _l1_-pages, is is
copy =& - es,

Thermochemistry of Selected Compounds
Nonr-3608 (00) (U)
by
‘Ludwig G. Fasolino

FINAL REPORT

November 14, 1961 - November 15, 1966

DOWNGRADED AT 3 JEAR INTERVALS
DECLASSIFIED AFTER 12 YEARS

DOD DIR 5200.10

This document contains information Approved by: ao}m/ '7( : %o’lﬂ/\,
v

affecting the national defense of

' the United States within the Allen H. Keough
meaning of the Espionage  Laws, Agsistant Director
Title 18, U.S.C., Sections 793 and of Research
794. The transmission or the TR~
revelation of its contents in any Reviewed by:_ da'o ‘
manner to an unauthorized person Frank J¢ Salomone

is prohibited by law. Contracts Manager

Submitted to:

Department of The Navy
Power Branch
Office of Naval Research

Washington 25, D.C. 5 i
Attn., - Mr. Richard L. Hanson, Code 429 TR
Lr FEB 23 1957
December 12, 1966 “Jﬁug;,;gﬁgz

s,

CONFIDENTIAL

.




’4‘

SUMMARY

Section I,

§gction .

Section

ju

II.

CONFIDENTIAL

TABLE OF CONTENTS

Section

—————

.

- Studies of Aluminum Borohydride

ANALYTICAL RESULTS OF ALUMINUM

BOROHYDRIDE HYDROLYSIS REACTIONS

SUBSTITUTED AMMONIUM PERCHLORATE STUDIES

CONCLUSIONS

REFERENCES

CONFIDENTIAL

Page No,

B b W =

i g s

SIS

B P R TSI 1 Rk W 2 o D R




CONFIDENTIAL

SUMMARY

It has been the objective of this program to determine the
heats of formation of selected chemical compounds related to
rocket propulsion by applying the methods of calorimetry. The
calorimetric techniques included combustion, solution, and re-
action calorimetry. The accomplishments of the program are
presented in chronological order and rather than repeat the
details of all phases of the work, references are made to the
appropriate quarterly, semi-annual, or annual report.

Thermochenical studies were made on the following elements
and compounds: Lithium Aluminum Boron, Liil, Ale, LiA1H4,
Aluminum Hydride, L13A1H6, BZO3 (Crystalline), B203 (Amorphous),

H3B03, BC1 Aluminum Borohydride, and Fluorammonium Perchlorate.

37
Section I.

Our initial objective was to determine the heat of
formation of the alloy LiAl. Our first attempts were by combus-
tion calorimetry under pressurized oxygen. Aluminum lithium and
the alloy LiAl were combusted in an oxygén atmosphere, and the
heat evolution measured. .The products were also analyzed, and
it was frequently noticed that complete combustion was not
af:tained, Attempts at achieving 100% combustion were not
entirely satisfactory and for that reason the calorimetric ap-
proach was changed to solution calorimetry in which the solvent
was hydrochloric acid. Complete reactions were easily obtained,

and the generated heat easily measured. The heat of formation of
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the compound was assigned the value of -15 kcal/mole (for
details see reference 1).

Solubility tests were run for boron, aluminum di-
boride, and dodecaboride to.determine if a suitable solvent
could be found which would allow solution calorimetric
methods to be employed in determining the heats of formation
of these binary compounds. Boren powder dissolfed satisfacto-
rily in an acidic potassium periodate solution at 30°C. This
solvent was without apparent affect on either AlB2 or AlBlz'
Thirty solvent systems were included in the study, none of
which preoved feasible as a solvent for the borides even at
elevated temperatures. A survey of the literature in addition
to several private communications was made in search of boride
solvent information; no solvents were found. It is concluded
that the heats of formation of aluminum diboride and aluminum
dodecaboride must be determined by methods other than acid
solution calorimetry (see reference 1). The method which
would most likely be successful in studying the compound AlB2
and AlB12 is that of fluorine combustion. An apparatus was
constructed for the handling of fluorine and the loading of
the reaction vessel with fluorine. As part of the study to
determine the heat of formation of AlBy by fluorine combustion,
it was necessary to establish a satisfactory furnace configura-
tion within the boumb which would withstand the energetic combus-

tion. The configuration adopted utilized CaF2 coated aluminum
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disks and crucibles and was found to withstand the thermal
shock without shattering. The material designated as-Ale
when purchased was found to be AlB12 plus free alumipum,

Upon removal of the aluminum, we continued our studies cn the
AlB12 at fluorine temperatures of 125 psi. 100% combustion
was achieved. Since the purity of the material was far below
our requirements, we acquired no quantitative dﬁta by our

fluorine studies (see reference 2).

Section II.

As a preliminary study to determine the heat of

formation of the new complex LigAlHg, it was decided to de-

termine the heat of formation of lithium aluminum hydride.

To do so, the heats of solution of lithium aluminum and
lithium alumirum hydride in hydrochloric acid were measured.
From this data, the heat of formation of the compound was
calculated to be -24.67 £ 2.21 kcal/mole (see referencqs 2

and 3). The heat of formation of the reaction motors material
L13A1H6 was determined by measuring the heats of solution of
lithium aluminum and Li,AlH

3 6
formation was found to be -79.39 t 3.45 kcal/mole (see

in 4N HC1l at 25°C. The heat of

reference 2).

The heats of formation of the aIuminum hydrides
designated as QOlane-58 prepared by the Olin Company and Dowane-
1451 prepared by Dow Chemical Corporation was determined by

measuring the heats of solution of these compounds and aluminum
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in 6N HC1 at 75°C. Collecting the data to 25°C yielded the
following results: Olane-58, the heat of formation was -4.6 *
1.6; for Dowane-1451, the heat of formation was found to be

-2.5 * 3,7 (see reference 2).

Section IXIY¥.

The heats of formaticn of the compounds B203
(Amorphous), B203 (Crystallire), and BCl3 (Liquid) were
sought. From the measuremerts of the heats of sclution of
Bzo3 (Armorphous), 8203 (Crystallire), H3B03, and BCl3 (Liquid)
the necessary calculations were made employing also auxiliary
data. The heat of formatiorn of BCl3 (Liquid) was calculated
to be -101.04 I .39 kcal/mole. The heat of formation of B,0q
(Crystalline) was found to be -303.63 I .42. That of B,0,
(Amorphous) was found to be -299.30 * .43. The energy of
transformation, therefore, from cryvstalline to amorphous was

found to be + 4.33 kcal/mole %t 0.05 (see references 4,5, arnd 6).

Section I¥. - Studies of Aluminum Borohydride

Investigators of the thermochemical study of the
hydrolysis of the aluminum borohydride have met with difficulties
which prevent the gathering of consistent heat data (see
references 7 8, and 9). Rulon and Mason(7) observed in their
hydrolysis studies, the formation of undesirable brown products
and inconsistent heat data although a few of their runs were
free of colored products. Kilpatrick(lo) noted only a partial
hydrolysis of aluminum borohydride and indicated that the
complete hydrolysis was to be achieved only slowly. Brown and

Brown(ll) pointed out the benefit of a catalyst in the hydrolysis

CONFIDENTIAL




CONFIDENTIAL

s 5 -

of the borohydride ion. In our search for the proper conditions
under which the hydrolysis of aluminum borohydride should be
carried out, we have investigated the hydrolysis at temperatures
ranging from ~80°C to +40°C. The reactions studied were between
aluminun borohydride both in the liquid and vapor state and
water or hydrochloric acid both in the liquid and vapor state.
Aralysis of the products following each of the reactions indica-
ted that the most reliable reactior would be between aluminum
borohydride vapor and water vapor at 1°C. For many of the
reactions in which aluminum borohydride vapor was reacted with
the vapors of water at 1°C, the products were analyzed for
alurinzum, boron, and gaseous hydrcgen. It should be noted tere
that mass spectrographic analysis was made of the hydrogen
resulting from the hydrolysis studies both at 25°C ard 1°C.

The hydrogen generated from the 25°C rurn cortained a sigzifi-
cant amount of diborane; whereas, at 1°C the amount was almost
negligible. Accordingly, the boron and hydrogens were low for
the 25°C run and at the 1°C level the boron and hydrogens came
up to close to theoretical values. Although we have made many
runs of the hydrolysis of aluminum borohydride at 1°C, we have
never been able to achieve the level of reproducibility desirable
for proper thermochemical calculations leading to a value for
the heat of formation for the compound. We will, however,
present a value for this figure based on our reéults later on

in the report. For some of the details of this earlier work see

reference 12.

CONFIDENTIAL




e

—— —— g —— -~ I TR

CONFIDENTIAL

-6 -

ANALYTICAL RESULTS OF ALUMINUM BOROHYDRIDE HYDROLYSIS REACTIONS

The Olin-Mathieson Company has of fered to us the mass
spectrographic facilities for the analysis of the hydrogen
evolved for the aluminum borohydride hydrolyses, and we have
utilized these services to unravel some of the complexities of
this particular reaction. The hydrolysis of aluminum borohydride
at 25°C with the vapors of water has resulted in the formation
of 98.87 mole % hydrogen ard 1.13 mole % diborane. At 1°C, the
reaction produced 99.97 mole % hydrogen and 0.03 mole % penta-
borane. The data reconfirmed our earlier results also by Olin
that at the 25°C level, a significant amount of diborane or
pentaborane is formed and at the lower temperature (1°C) an
insignificant amount of pentaborane i; formed. Averaging 45
runs of the hydrolysis of aluminum borohydride with the vapers
of water at 1°C, the heat of reaction was calculated to be
-238 kcal/mole. Calculating the heat of formaticn of aluminum
borohydride from this plus auxiliary data, yields a value of

-17 * 7 kcal/mole.

SUBSTITUTED AMMONIUM PERCHLORATE STUDIES

Hydrolysis studies have been carried out on fluorammonium
perchlorate and the heat of reaction has been determined to be
-54.4 * 1.4 kcal/mole. Mass spectrographic analysis performed
by the 0lin Company of the gas evolved upon solution of the
substituted ammonium perchlorate has identified the gas to be

diatomic nitrogen. A 0.5293 gm. sample of SAP yielded 13.8 cc.
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diatomic nitrogen. In our analytical studies of the first

sample received, the dissolution of the material in water
yielded the calculated theoretical amount of the fluoride iom
and the perchlorate ion. The amount of r 'trogen found by mass
spectrographic analysis is too low to account for all of the
nitrogen as would be calculated theoretically. We have found
no solutions to the reasons for this low value. The nitrogen
analyses were carried out on two different samples and two
different batches of the material yielding both the low value

reported.

CONCLUSIONS

This report highlights the work accomplished under this
contract, and the appropriate references covering the details
of the experimental work are made. It can be seen from the
results of the work that the conditions under which the hydroly-
sis of aluminum borohydride is performed directly influence the
reaction, its kinetics and products. It is a complex reaction,
and we have come very close to a stoichiometric reaction.

The dissolution of fluorammonium perchlorate in water
again appears to be a complex reaction with regard to the
final state of the nitrogen. We are not able to account for
all of the nitrogen, and a stoichiometric reaction cannot be
proposed at this time. The heat data, on the other hand,
appears to be very consistent and reproducible.. This is in

contrast to the heats of hydrolysis of aluminum borohydride
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which has considerable scatter. In our final runs of the
hydrolysis of aluminum boronydride at 1°C, the aluminum,
boron, and hydrogen as measured analytically are generally

close to the theoretically calculated amount,
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