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A.  INTRODUCTION

A Targe body of literature exists on polyhedral boranes and the
B]OH]O'2 and B]ZH]?_'2 ions in particu]ar.] The deca- and dodeca- ions are
known to be of pyrotechnic utility, based on work performed in the early
1960's by DuPont and from 1975 to the present by a number of government and
private laboratories.

Because the polyhedral boranes hold definite promise of being a "HIDEF"
black powder ignitor replacement, this Appendix concerns itself with a
concise literature search on polyhedral borane of interest, inciuding
systhesis, properties, and pyrotechnic behavior.

Much of the published information is in patents. Section B gives a
Tisting and ebstracts of patents appropriate to HIDEF applications.

Section C describes a literature survey on synthesis and properties of
the basic ionic salts of B]OH]O"2 and B]2H12-2' It is not intended as a
comprehensive treatise, but gives an overview of the topic and guides the
user to the most peftinent literature and patent references.

Section D Tists references that describe the pyrotechnic behavior of
basic salts, double salts, and mixtures that might be HIDEF cardidates.
Also reviewed in Section D are results from Government programs that have
utilized certain B]OHIO-Z compositions.

Section E discusses availability and cost of polyhedral boranes and
starting materials.

Copies of the most pertinent patents are appended for convenience to
the user.

B.  PATENT LITERATURE

The patents listed on the following pages are applicable to polyhedral
boranes and their use in ignition and pyrotechnic chemistry. Certain patents
covering substituted polyhedral boranes are included, for information. If
a patent is currently known to be licensed to other than the assignez, the
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licensee is indicated. For convenience, the list is by chemical structure
. or application. The references shown have been filed and abstracted on a

Tektronix 4051 data system. =
1. Decahydrodecaborates (B, .H

i e i e e o

10 ]62) and Related Compounds

4.  PATEMT MUMBER:
DATE:
TITLE:

AUTHOR:
ASSIGHEE:

LICENSEE:
SUBJECT:

’

3,138,¢€02 ' !

23 JUNE 1564

AMIHE-DECABORANE ALOUCTS AHD PREPARATION THEREOF
S2YMANSKI,J. M. 3 TROTZ2,S.1.

OLIN MATHIESON

SOLIDS PRODUCTS KESULTING FROM REACTION OF LOWER ALKYL

RMINES, LOWER MONGCHLORGALKWLARHMINES, MORPHOLIME, AND FIPERIDINE HITH
DECABORANE AT ELEVATED TEMPERATURE, THESE &RE DESCRIBED @S AROCUCTS,
BUT ACTUAL PFRODUCTS MICHT INCLUGE IOHIC B1OHIO PRODUCTS, AS THE
COMMONLY USED SYHTHETIC ROUTE TO THE IOH E18H18¢(-2) PROCEEDS VIA

A HEARLY IDENTICAL ROUTE. APPLICATION OF PYROTECHNIC UTILITY

WHEM BLENDED WITH OXIGIZER ARE MEMTIONED

b.  PaTENT HuMBER:
OATE:
TITLE:

AUTHOR:
ASSIGNEE:

LICENSEE:
SUBJECT:

3,148,938

15 SEPT 1954

AMRONTA AND HYDRAZINE SALTS OF THE B1OHIB(-2) AMION
KHOTH, K. H. J&

GUFOHT

SIMPLE SALTS (NH4)2B16H18 AND (HH2HH332510H18; PREPARA-

TION; PROPERTIES; USEFUL AS HIGH ENERGY FUELS,

C. PATENT NUMBER:

AUTHOR:

ASSIGNEE:
LICENSEE:
SUBJECT:

3,149,163
15 SEFT 19
ANMINE AND
BleHiac¢-2
KNJOTH, H. H

LUPONT

64
ORGAHO-SUBSTITUTED HYDRAZINE SALTS OF THE
JsNIOH AHND PROCESS FOR PREPARING SAME

.
)
.

COMFOUNDS OF THE GENERAL FORMULA (RR7HHZ)2B18H18 AMD

(RRNHNR‘R“)2B18H18 WHERE R IS A NONOWALENT HYDROCARBON GROUP AND R”

1S HYDROGEN OR

CF THE SAME TYPE AS R. R IS LIKITED TO {2 CARBOHS, @S

WRITTEH, THE SUESTITUTEDL HYDRAZINES MAY IHCLUDE ONHL'Y SYHMMETRICALLY
SUBSTITUTED GROUPS AND IT IS HOT CLEAR IF # COMPUUND SUCH &S THE
UNSYRNETETRIC DINETHYLHYDRAZINIUM SALT WOULD BE INCLUDED.

d.  PATENT MUMEER:
DATE:
TITLE:

AUTHOR
HSSIGHEE:

L ICEHSEE:
SUBJECT:

DUFONT
TELEGYNE MCCORWICK SELPH (HOLLISTER, CAy -
HETALLIC SALTS OF B1oH183 PREPARATION; FROFERTIES

.

-
. B o e pepT et gl
4 ol i e R 3
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€. PATENT MUMBER:
g | DRTE:
. TITLE:

RUTHOR:

. ASSIGHEE:
N | LICENSEE:
SUBJECT:

f. PATENT HUMBER:
DATE:

TITLE:
AUTHOR:
ASSIGHEE:

LICENSEE:
SUBJECT:

264,071
RUG 1966
SCAMMONIO0) DECABURANE

3
2
BI

CHLLERY CHEMICHL CUMPHNY

3,373,203

12 MAR 1968

PREPARARTION OF DECAHYDFRODECABORATES
HAKHLOUF J. M. 5 HOUGH, M. U,

CALLERY CHEMICHL COMPHMY (BEFORE MSA ACOUISITION)

PYROLWSIS OF PGTAS3IUM, CESIUM. TETR&METHYLAMMOMIUM, OR

TETRAETHYLANMGNIUM OCTAHYDROTRIEORATE TO THE CORRESPONDING B1oH1@

SALT,

9. PATENT NUMBER:
DRTE:
TITLE:

AUTHOR:

ASSIGHNEE:
LICENSEE:
SUBJECT:

SALT.

h. PATENT NUMBER:
DATE:
. TITLE:

AUTHOR Y
ASSIGHEE:

LICENSEE:
SUBJECT:
SALT

PATEHT HUMBER:
DATE:
TITLE:

AUTHOR:

T A rny .
-

fu,
‘"‘5

ASSIGNEE:
LICENSEE:
ﬁ SUBJECT:

3,373,202

12 NAR 1368

METHOD OF PREPARING TETRAETHYLAMMONIUM DECAHYGRODECA-
EORNTES |
MAKHLOUF, J.1; REFFEPHAN,G.T.

CALLERY CHEMICAL COMFANY C(EEFORE MSA ACQUISITION) i
PYROLYWSIS OF CC2HS34NEH4 TO THE CORRESPONGING E16H1O

3,426,071

4 FER 1969

HETHOD OF FREPRRING TETRAETHYLAMMONIUM DECAHYDRODECA-
BORATE (23

HEFFERAN,G. T,

HINE SAFETY wPPLIANCES <CALLERY CHEMICALY 1
PYROLYSIS OF (CZH534-HB3H3 TO THE CORKRESPONDINHG B12H12

3,
15
Bl

w

CALLERY CHEMICAL COMPANY

g e ey
LT LI T
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P —
>

PRTENT HUMEER:
DRTE:

AUTHOR:
ASSIGHEE:

LICEHSEE:
SUBJECT:

3,383,393

14 HAY 19e8

SALTS OF BORON-HYDL®IGE- AHTONS AND EORON CONTARINING
ORGANIC CATIONS AND METHOD OF THEIR PREPARATION
STAFIEJ,S.F.§ THERC3,E. A,

RHERICAN CYANAMID COMPANY (STRMFGORD, CT)
SALTS OF THE GENERAL FORMULA [BH221223M, WHERE M IS5 @

BOFON HYDRICE 10N SUCH AS BI1OH10¢=-2) OR BI2H12(-2) AND THE 2°S HRE
TERTIARY ANINES OR TERTIARY FHOSPHINES OF SELECTED CLASSES. AN EXANPLE
1S CCCCH3>3M52EHZ2IB1OHIG, A STATED USAGE IS HIGH ENERGY SOLID ROCKET

FROPELLAHT INGREDIEHTS,

PRTENT NUMBER: 4,802,681
DATE: I1 J&H 1977
TITLE: B1S-GUAHIDINIUM GECAHYDRODECABGRATE AND A PROCESS FOR

AUTHOR:

ASSIGHEE:

LICENSEE:

SUBJECT:
ENERGY FUEL

PATENT HUNBER:
DATE:
TITLE:

AUTHOR:
ASSIGHEE:

L 1CENSEE:
SUBJECT:
ANIOH.

ITS PREPARATION
GODDARD, T.P,

TELEDYNE MCCORMICK SELPH

SALT (CCNHH273)2B18H16. HIGH H1TROGEN COHTEHT HIGH

4,164,513

I4 AUG 19879

RHINO-SUBSTITUTED GUANIDINE SALTS OF DECAHYLRODECABORIC
HCID

GOCDARD, T.P.

TELEDYHE MCCORMICK SELPH

AHIHOGUARHIDINE AND DIAMINOGUAHIDINE SALTS OF THE BlOHI@

(CHHHHZ2(HH2,2>2B18H18 AND (C<HHHH2,2HH2)2B16H10,

THE FORMER 1S A MILD REACTING MONOFROPELLANT AND THE LATTER
IS A VERY SENSITIVE INITIATING EXPLOSIVE,

PATENT NUMBER: 4,130,585
DATE: 19 DEC 1978
TITLE: BIS-TRIAMIHOGUANIDINE DECAHYDRODECABORATE, PROCESS FOR
PREPARATION, AND HIGH ENERGY PROPELLANT
RUTHCR: GOODARD, T.P.
ASSICGHEE: TELEDYNE MCCORMICK SELPH
LICENSEE:
SUBJECT: COUERS THE TRG SALT OF EIGH18, (C(MHHH2)>3)ZBIOH10. A

STABLE,

HIGH HITROGEN COMTENT AND 1S A POWERFUL MOMOFROPELLANT.
EXPLOSIOH IS QUER i25@8 CALORIES/GRaH.
MOHOPROPELLAKT,

NOHMETALLIC SALT GF DECAHYDRODECAEORIC ACID THAT HAS A UERY

HEAT OF
THIS IS A BORON-HITROGEM
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Dodecahydrododecaborates (812H12

_2)

and Related Compounds

a. PRTENT HUHBER:
TITLE.
AUTHOR:

ASSIGHEE:
LICENSEE:
SUBJECT:

D. PATENT MUMBER:
DATE:

TITLE:
AUTHOR:

ASSIGHEE:
LICENSEE:
SUBJECT:

C. PATENT NUMEER:
OHTE:

TITLE:
AUTHOR:
ASSIGHEE:

LICENSEE:
SUBJECT:

1
DIBORAHE HNO ALKALT SALTS OF TETRAHYOROEODKRATE

I
FEB IQbS
gYDROGEN DODECQH.DRODODECHBQPQTE “ND HETHOD FOR FRO-

3,
@
D
DUCING SHME

I
U
DUPONT

MINE SAFETY APPLIANCES (CHLLERY CHEMICAL COQ.>5

DUPONT
MINE SAFETY wPPLIANHCES <CALLERY CHEMICKL COMPANY?

3,355, Z€1
28 HOU 1367
CHEHICAL PROCESS

NILLER.H.C. ¢ MUETTERTIES,E.L.
DUFONT

HETHOO FOR FRODUCTION OF B12H1Z2(-23 BY PYROLYSIS OF

METAL SHLTS OF Bi12HI2

AKRE PRODUCED GIRECTLY.

d. PATENT NUMBER:
DATE:
TITLE:

AUTHOR:.

ASSIGHEE:
LICENSEE:
SUBJECT:

3,961,017

1 JUNE 197

PRODUCTIUN OF DOUDECAHYDRODODECARBORRTE (-2
HOUGH,H.VU.; GUIBEKT-“.R.} HEFFERa&N,G.T.
HIKE SAFETY APPLIAMNCES (CALLERY CHEMICAL)

PREPRRATION OF THE B12H12¢-2) 10N VIR REACTION OF ALKALI

METAL BOROKYDRIDE WITH DINETHYLSULFIDEBORANE wT 188 TO 156 DEG.
CEMTIGRADE. YVIELD IS ARBOUT 3Swv%,

€. PATENT HUMBER:
DATE:

TITLE:

RUTHOK:

ASSIGNEE:

LICENSEE:

SUBJECT:
COMPOUNDS.,

0
A
PIEDK TES

EHRLICH,R.; SHNPIRO P.

THIOROL CHEMICWL CORP, (BRISTOL., P#

POLYQUATERNARY WMMONIUM SALTS OF BI2HIZ2(-2» AND RELATED

x’ =l n
S oI

TERMARY AMMONIUM OODECAHYDPOCGODECHEORATES AND
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3 Higher Polyhedral Boranes

. d. PATENMT HUNBER: 3,431,089
DATE: 4 AR 1968
REACTION PROGUCTS RND PROCES SES

AUTHOR: ENGELHRKDT,U.A.

RSSIGHEE: DUPONHT
LICENSEE:
SUBJECT; &MMONIUM, SUBSTITUTED AMMONIUM, HYDRAZINE, AND SUBSTI-
¢ TUTED HYDRAZIKE SALTS OF THE BzOH1&(-23 ANION. STATED wS BEING USEFUL
AS COMPONENTS GF HIGH ENERGY FUELS,

I e
-4
—
—
—
m
.

PATENT HUMBER: 2,265,275
OaTE: 23 Jﬁ 19¢8
TITLE: POLYHVDROPOLYBURARTES AHD PROCES3ES FOR PREPARING THEM

- . ;
o
.

AUTHOR: MUETTERTIES,E.L.

ASSICGHEE: OUPONT
{ LICENSEE:
} SUBJECT: wCID, METAL, METAL-AMINE, R4H+, ARNH=H+, R3S+, AND
R4Pe SRLTS CF THE B2BH!8(-2> 10N,

R T R —— —

C. PATENT HUMBER: 3,445,664
DATE: 27 MAY 1969
TITLE: ACID AND SALYS OF B20HIS(-23 10N

RUTHOR: MUETTERTIES,E.L.

ASSIGHEE: DUPONT
LICENSEE:
SUBJECT: ACIL AND SALTS OF THE B2GH12¢(-43 ION, TITLE IH ERROR?

T T ——

el g ikl b e it
Tae ’

S W L i

A
ol
e

T =
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4.

Substituted Decahydrodecaborates

d. PATENT NUMBER:

AUTHOR:
ASSIGHEE:

LICENSEE:
SUBJECT:

(B12HI1NRR“R’ 7> WHEFE R aND P~

AHD R”~

MILLER, N.E.
GUPGONT

SURSTITUTEDL BLZH12 WHIONS OF THE GEMERAL FORMULA

ARE ALIPHATICHLLY SATURATED HYDROCAREBONS

IS AN ALIPHATICALLY SATURWTED HYDFOCKREGH THAT ChH CONTRIN @aT
MOST ONE OILOWERALKYLAMINOG GPOUF EONCED
FROM THE CARBOW BOWDED TO WITRGGEN.

JO CwRkBOH AT LEWST ONCE REMOUED
RELRTED COMPOUNDS CONTHINING

HALOGENS ARE INCLUDED.

AUTHOR:
HSSIGHEE:

LICENSEE:
SUBJECT:

TATENT HUMBER:
DATE:

TITLE:

AUTHOR:
ASSIGHEE:

LICENSEE:
SUBJECT:

PATENT HUMBER:

AUTHOK:

ASSIGNEE:
LICENSEE:
SUBJECT:

3,328,422
27 JUHE 18687
DERIVATIVES OF FOLYHEDRAL DODECABORANES

DUPONT
MINE SAFETY APPLIANCES C(CALLERY CHEMICAL COMPANY)

3,295,260

3 JAN 15967

HEUTRAL AND SINGLY CHARGED DERJUATIVES OF DECABORANES
AND DECABORATES

GUPONT
NIME SAFETY APFLIANCES (CALLERY CHEMICAL COMPANY)

3,372,006

S MARR 1963

HALOGEN GERIVATIVES OF POLYHEDRAL BOROH COHPOUNDS
CHANBERLANDE.L.; MUETTERTIES,E.L.

DUPONT .

HALUGEN SUBSTITUTED B28HIS¢~2) [GH &HD METAL AND HOM-

METAL SALTS THEREUF.

€. PATENT NUMBER:
DATE:

TITLE:
AUTHOR:
ASSIGHEE:

LICENSEE:
SUBJECT:

o

3,554,128
29 DEC 1970
SUBSTITUTED DODECAHBORATES ) |

DUPONT |
HINE SAFETY APPLIAMCES (CALLERY CHEMICAL COMPANY)
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5. Double Salts of Pyrotechnic Utility

¢ 3,187,613

E: 22 OCT 1963

TITLE: BOROR COHMPOURD .
R

AUTHOR: ARHSTROWGR.K. 3 EHGLQHD;D.C.;VPRRSHRLL;G.H.; THATCHER,

‘ ASSIGNEE: BUPONT
LICENSEE: TELEDYNE MCCORMICK SELFH <(HOLLISTER, C&)
SUBJECT. DOUBLE SALT CSHOI:CS2B18H1® PREPARATION; PERFORMANCE 1IN
SQUIBS AND LETOMATORS; SENSITIVITY.

d. PATEHT NUMBER
DATE

b. paTent HuMBER: 3,184,286
DATE: 18 MAY 19€S
TITLE: CS2ZBI2H12.CSHU3 PRODUCT AND PROCESS FOR MAKING SAME

AUTHOR: ERGLARD,D.C,

ASSIGHEE: DUPONT
LICENSEE: TELEDYNE HCCORMICK SELPH (HOLLISTER, CA)
SUBJECT: DOUBLE SALT CS2B12H12:CSNO3; PROCESS FOR MANUFACTURE;
PERFORMANCE IN SQUIBS AND DETONATURS; SENSITIVITY

C. PATENT NUMBER: 3,256,058
DRTE: 14 JUKRE 196¢
TITLE: (CSZBlBH18»2,CS2CR207 PRODUCT AND PROCESS FOR PREPARING

i SANE
AUTHOR: HRHSTRONG,R.K.

ASSIGHEE: BUPONT

LICENSEE:
SUBJECT: DOUBLE SALT (CS2B10HIB)>2:CS2CR207; PREPRRATION; PERFOR-

MANCE INH ELECTRIC INITIATORS RHD LDELAY LINES; SENSITIUITY; THIS IS A
SLOK BURNING, ALMOST COMPLETELY GASLESS DELARY COMPOSITION

d. PATENT HUMBEK: 3,411,859
DATE: 1% HOU 1358
TITLE: CHENMIRAL PPODUCTS BND PROCESSES

AUTHOR: BHLTHIS, J.H.

ASSIGHEE: DUPONT
LICENSEE:

1 SUBJECT: DOUBLE SALTS OF COBALTCII17 mAND CHROMIUMCIILY BMINES AND
¥ B16H18(-2) AND BI2HI2(-2) ANIONS WITH A4 SECOND UXIDIZING ANION (SUCH

4 RS HITRATE)>; THESE RRE USEFUL A4S IRITIRTING ENPLOATIVES., ©N EXAMPLE

4 IS LCOCHHIIET(BI2HIZI(HOT)> . 2H20

£

" » ’ :
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Pyrotechnic and Propellant Compositions with Polyhedral Boranes

a.

PATEHT HUMBER:
DRTE:
TITLE:

RUTHOR:
RSSICNEE:

LICEHSEE:
SUBJECT:

7, 126.30S
24 MARCH 1964 -
IGHITION COMFOSITIONS COMPRISING BORON COMTAINING SALTS

HRMSTRONG,R. K,
DUPONT

TELEDYNE MCCOPHICK SELPH (HOLLISTER, Ch»
FHYSICAL BLENDS OF METHL SALTS OF BIBHI® AHD BI2HI2 WITH

COMHOH OXIDPIZERS. METAL SALT3 INCLUDE ALKALI, ALKALIHE
ERRTH, AHD HEAUY (TRAHSITIONY METALS. OXIDIZERPS INCLUUE
PERCHLOPATES, NITRATES. CHROMATES, PEROXIDES, ETC.

PERFORMANCE IH

SQUIBS AMD PYROTECHHIC CORDS; SEN3ITIY-

1TY; THERMAL STABILITY.

PATENT NUMBER:
5 . _DATE:
TITLE:

AUTHOR:
ASSIGNEE:

LICENSEE:
SUBJECT:

4,135,956

¢ 23 JAN 1979

COPRECIPITRTED PYROTECHHIC COMPUSITION PROCESSES AHD
RESULTANT PRODUCTS

GODDARD, T.P.; THRTCHER,[D.H.

TELEDYNE MCCORMICK SELPH

COCRYSTAHLLIZED SALTS OF DECAHYDFODECABORIC ACID AND

SELECTED OXIDIZING AGEHTS. THE COPRECIPITATED PROCUCTS ARE CHEMICALLY
AHD PHYSICALLY DISTINCT FROM PHYSICAL BLEHDS OF THE SAME IHGREDIENTS,
MAHY OF THE PROGUCTS EXHIBIT VERY HIGH BURNIHG RATES UNDER HMILD
COHFIHENEHT OK HEAT. SUME 0O HOT EXHIBIT DDT, EVEN UHDER EXTREKE
COHFINEMERT nHD STIMULUS.

PATEHT HUMBER:
DATE:

TITLE:

AUTHOR:
ASSIGHEE:

LICEHSEE:
SUBJECT:

4,138,282

¢ FEB 1979 '

HIGH BURHING RATE PROPELLANTS WITH COPRECIPITATED SALTS
OF DECAHYDRODECHBORIC ACID

GODDARD, T.P.§ THATCHER,D.H.

TELEDYHE MCLORMICK SELPH
UERY HIGH BURH RATE PROPELLANTS, UP TO 28 IHCHES PER

SECOND, FROM BLENDS OF ®IHDER, PLRSTICIZER, ADDITIVES, AHD R HMAJOR
FRACTIOH OF COPRECIPITATED BIOHIG/OXIDIZER SOLIDS.

PATENT NUMBER:
DATE:

TITLE:
RUTHOR:
RSSIGHEE:

LICEHSEE:
SUBJECT:

VARIGUS PROPORTIOHS OF THE TRIAMINOGUANIDINE SALT OF THE BIGHIO [OH
WITH TRIAMIHOGUAHIDINE HITRATE. THESE RRE VERY HIGH IMPULSE
IGHITION OR PROPELLANT INGREDIENTS.

4,172,743

36 OCT 1879

COMPOSITIONS OF BIS-TRIRMINOGUAHIDINE DECAHYDRODECHEOR-
ATE AND TRGH

GODDARD, T.P.

TELEDYHE HCCORMICK SELPH
COPRECIPITATED OR PHYSICHLLY BLENDED COMPOGSITIONS FROM
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€. PATEHT MUMEER:
DATE:

AUTHOR:

ASSIGNEE:
LICENSEE:
SUBJECT:
AMINOGUANIDIHE

PROPELLAHTS M#aD
PER SECOND AT 2
PELLANT IHCORPO

f. PATENT NUMBER:
DATE:
TITLE:

AUTHOR:

ASSIGNEE:
LICENSEE:

4, 108,57
22 AUG 1978 £ .
HOUEL TRIMMINOGUANID INE HITRATE PRUPELLAKTS

GODDARD, T.P.
TELEDYHE MCCORMICK SELPH

PYROTECHNIC COMPOSITIONS BASED ON COPRECIPITATED TRI-
DECHNYDRODECABORATE AND TRIRMINOGUANIDINE NITRATE, AWD
E FROM THENM. BUKNING RATES OF APPROXIMATELY S@a INCHES
080 PS1 ARE OBSERUED FOR A RITROCELLULOSE BINDER PRO-
RATIHG TNE COPRECIPITATE aS THE MAJOR SOLIDS FRACTIOH.

4,139,404

13 FEB 1379

ACTIVE BINDER PROPELLANTS INCORPORATING BURNING RATE
CATALYSTS

GODDARD, T.P.; TNATCHER,D.H.

TELEDYHE MCCURMICK SELPH

MODIFICATION OF MITROCELLULOSE BASED PROPELLANTS BY

RODITION OF S}HPLE RND DOUBLE SALTS GF BIGHISG AHD COPRECIPITATED SALTS
OF BIBH1® WITH OXIDIZER. BURKING RATE ENHANCEMENTS OF UP TO 88% ARE

RCHIEVED,

9.  PATENT NUMBER:
DATE:
TITLE:

AUTHOR:
ASSIGNEE:

LICEHSEE:
SUBJECT:

4,620,902

28 MARCN 1578

NIGH SPEED IGNITOR DEVICE

GODOARD, T.P.; WEEE,S.D. THATCHER, D. N,
TELEDYNE MCCORMICK SELPH

LINEAR IGNITION CORD COMSISTING OF A CENTRAL CORE OF

METAL CLAD MILL DETOMATION CORD SURROUNDED BY LAYER(S) OF NETAL CLAD
IGNITIOH COMPOSITION CORTAHINING SALTS OF BIGH18, TNE DEVICE PRODUCES
A LIHEAR PROPAGATIOH RATE TYPICAL OF A DETOHATIOH VELOCITY, BUT A
RADIAL IGHITION IMPULSE THAT IS VERY FAST, BUT NON-DETOMATIHG.

h. PATENT NUMBER:
DATE:
TITLE:

AUTNOR:
ASSIGNEE:

LICENSEE:
SUBJECT:

4,089,716

16 MAY 1973

IGHITION EHHANCING PROPELLANT COATINGS
GODDARD, T.P. THATCHER, D. K. } GARRRISON,C.G.
TELEDYHE WCCORMICK SELFH )

HEDIUM CALIEER PROFELLANT GRAINS COATED WITH SIMPLE

SALTS OF BIGHI® OR COPRECIPITATES OF PiGHIg 3ALTS WITN OXIDIZERS. A
LAYER OF UERY FAST BURNING AND IGHITHELE MATERIAL IS DEPOSITED ON THE

GRAIN EXTERHAL

SURFACE. WHICN FACILITATES IGNITION OF TNE SURFACE.

USEFUL FOR HEAVILY DETERRED PROPELLANTS.,

10
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PARTENT NUMEEFR:
DATE:
TITLE:

AUTHOR:
ASSIGHEE:

LICENSEE:
SUBJECT:

4,094,712
13 JUKE 1978

CONSOLIDRTED CHARGES fHCURPORﬁTING INTEGRAL IGNITION
COMFOURDS

GODOARD, T.P.; THATCHER.D.N.} GARRISON,C.G.
TELEDYNE MCCORMICK SELPH

PREPARATION OF HEGIUM CALIBER CHARGES OF CONSOLIDATED

GRAINS OF PROFELLANT, WHEREIN &H IGNITION COMPOUND, SPECIFICALLY SIMPLE
SALTS OF B18H18 AHD COPRECIPITHTEG OF SALTS OF B1@H18 AND OXIDIZER, IS
IHCORPORATED IKTO THE CHARGE BETWEEN AND AROUND THE INDIVIDUAL GRAINS,
THE INTEGRAL IGHITIOH COMPOUND FRCILITHTES BRERKUP OF THE CHARGE &ND
IGNITIOH OF THE IMDIVIDUAL GRAINS,

B ————
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C.  SYNTHESIS AND PROFERTIES

The principal anions of interest for pyrotechnic applications are
B]OHIO- , and 812”12-2 and possibly higher boranes. A concise review
of synthetic routes and properties explored in the 1950's and 1960's
is given in Scholer and Todd]C and updated in Muetterties]a. While
some of the syhthetic methods appear to be fairly straightforward and

give good yields, often starting materials (like BZHG) are dangerous

to handle or conditions are exotic.

1. Methods for Synthesizing the B](JH]O_2 Ion

a. Synthesis Via Decaborane

The most convenient laboratory syntheses of B]OHIO-Z

involves preparation of B]OH]2 (ligand)2 from decaborane followed by
{ reaction with ammonia or triethylamine to yield the B,.H i salt.

. 10710
The mechanism has been postulated as foHows.2
Ky
B]OHIZ(]igand])Z -7:-—- BIOle(ligand]) + 1igand] (C-1)
-1 i

k | |

2 s
: . - g + . :
BIOH]Z(lygand]) + ligand, — B]OH]] +(11gand2)H + 11gand] (C-2) |
i |
é ) fast 7 @ 1
/ . — .
; B]OHll + 11gand2 B]OHIO + (]1gand2)H (C-3) |
] I
E |
L 3 Synthesig using (C2H5)3N as ligand are given in Volume 9 ] :
) of Inorganic Synthesis.~ (U.S. patent 3,138,602) ‘
'y
B

10t * 2(CHg) N —[(CH ) JNHT B oH g+ H,

Decaborane and triethylamine are refluxed in xylene under nitroger for

i2
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several hours. The solution is cooled and the product filtered (93%).
Recrystallization is from hot water/ethanol.

Despite the toxicity of decaborane, this method appears
to be uncomplicated. The product is very soluble in water and acetonitrile.
Treatment with alkali metal hydroxides gives the alkali metal salts, which
are very stable.

The ammonium salt, which is more soluble in water than
the triethylammonium salt is prepared by a sequence of reactions using
dimethylsulfide as 1igand.4 (U.S. patents 3,148,938; 3,148,939;
3,149,163) '

B]OH]4 i 2(CH3)ZS ~—— B,,H,, -25(CH + H

10712 3)2 2

H]2 -S(CH + 2NH, —— (NH

3)2 3 H = 2l{eH

4728100 S

Bio 37

Decaborane is dissolved in dimethylsulfide and allowed
to stand at room temperature for four days. Crystals of BIOH]Z'ZS(CHB)2
are collected, dried and then dissolved in liquid ammonia which is then
allowed to evaporate leaving (NH4)ZB]0H110 which is dried and recrystaliized
from cold water (83%). If a satisfactory hood system is available
this method is also not complicated and is, in fact, the method described
in many industrial patents.

b. * Thermolysis of Tetrahydroborates and Octahydrotriborates

iigh yield synthesis of B]OH]O_Z has been reported from

thermolysis of (C2H5)4NBH4 or (CZH5)4NB3H8 in a steel cylinder at 185°

for 16 hours.5 (U.S. patents 3,373,202; 3,373,203; and 3,426,071)

185°

10((§2H5)4NBH4-"'-—-'-"[(C2H5)4N]ZB.IOH]0 +

8(CZH5)3N + 11H, + 8C,H, (C-2)
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185°
10(C2H5)4NB3H8-—————> 3[(CZH5)4N]2810H10 i

-

4(C2H5)3N + 23H2 + 4C2H6 (C-5)

Solids from (C-4) and (C-5) were dissolved in acetonitrile, 1

{ filtered and crystallized (94% yield). Depending on availability of

| starting material this method is a simple route to [(CZH5)4N]28

: Related salts of potassium and cesium give different products.

5 High yield syntheses of [((?2H5)4N]28]0H]0 were reported

‘ from the tetramethylammonium salts by pyrolysis at slightly higher
temperatures (185°- 220°, 15 - 25 hours) in the French patent literature

! (FR 2,314,921). Product dependence on pressure changes were reported.

2

100

2. Methods for 812H12

a. Synthesis Via Decaborane

As with B]OH10—2’ a convenient laboratory synthesis of
B]ZH]Z"2 involves preparation from decaborane, viz.

2(C2H5)3NBH3 + B]OHM'—————--—[(CZHS)?’NH]ZB.IZH]2 ] 3H2 (C-6)

This synthesis involves triethyamineborane which may be purchased or
prepared in situ from triethylamine and diborane and then purified by
distillation at 87° (12mm). Reagents are then heated to 190° in
ultrasene (a purified kerosene) under nitrogen. Purification involves
cooling and filtering the solid product (92%) which may be recrystallized
from hot water. The cesium salt is prepared by passing an ethanol

T R R T gl e,

solution of the triethylammonium salt through a strong acid jon exchange
. resin and then neutralizing the product with CsOH. Boiling the product

in aqueous NaOH (or KOH) expels free triethylamine and yields NaZB12H12.

14
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A similar synthesis uses decaborane and borohydride ion

in dig]yme.7

2

H,, + 2BH ]ZH]Z' +l‘lH2

14 4 B

Bio

] The reagents are refluxed under nitrogen until hydrogen

evolution ceases. The solution is cooled and solid NazB]ZH]Z' diglyme

is filtered and dried. The product is recrystallized from water several

times for a diglyme-free salt (60%). Addition of (C2H5)3NHC1 and cooling

causes precipitation of [(C2H5)3NH]ZB]2H]2. It may be worthwhile to |

: attempt synthesis of other salts directly from the initial diglyme ;

adduct to avoid repeated recrystallization to remove diglyme. 1
1
|

b.  Synthesis Via Diborane

Various synthesis of B]ZH]Z'2 directly from diborane
, are reported in the literature:

E 2NaBH4 ¥ 582H6 —-———»»NazB.le.l2 + 13H2 (C-7)
!
2(C2H5)3NBH3 + 582H6————>[(CZHS):),NH]ZB.IZ,H.I2 # 11H2 (C-8)
|
R3N % BZHB'_—___>(R3NH)2812H12 (C-9)

Synthesis (C-7) uses a high pressure vessel at 180°
for about 10 hours. Purification involves several steps to give
75-85% yield.®
Synthesis (C-8) involves charging a pressure vessel with
triethylamine and diborane and heating at 180° for 2 hours. Purification
involves several steps and yields 83%.8 (U.S. patent 3,355,261)
Synthesis (C-9) (U.S. patent 3,265,737) describes a method
for producing amine salts directly from diborane and amine in a sealed

L ) l tube,

15
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A similar reaction involves in situ preparation of HaB3H8

from NaBH4 and BZHB and refluxing in diglyme; addition of (CH3)3NHC1
caused formation of [(CH3)3NH]2812H12 in 65% yield. The product is

contaminated by the B]OH]O'2 salt however.9

C. Synthesis Via Alkali Metal Borohydride and Dimethylsulfideborane
This reaction is patented by Mine Safety Appliance {Callery
Chemical) (U.S. patent 3,961,017):

NaBH4 + (CH3)'ZSBH3-————---NazB]zH]2 {unbalanced) (C-10)
This reaction is carried out at 105-140° in diglyme
solvent in a steel reactor with reflux condensor. The mixture is then
cooled and hexane is added to precipitate NaZB]ZH]Z’ which has some
diglyme contamination.
d. Use of Borax

A novel and large scale prenaration has been described
using dehydrated bov*ax.]O

Borax + Al( + Na = Na,,B, .H (C-11)

powder) 271212
Directions call for 402g Borax, 200g aluminum powder and
100g sodium reacting for 2 hours at 620° under 3 atmospheres hydrogen.
Sparingly soluble salts C52812H12 and
[(1,1O-phenanthv*o]ene)3N1']B]ZH]2 were prepared by precipi;ation from
aqueous solution. Passage of a basic solution of B12H]2' (KOH or NaOH)
through a cation exchange resin yielded a strong acid (H30)2812H12 from
3 which the salt Ang]zH]2 precipitated with AgNO3.

3. Coupled Polyhedral Boranes

A large chemistry of oxidatively coupled B]O”]O polyhedral are

known. ! Certain salts of the B, H "2 and B, H. = ions may be cf

2018 2018
pyrotechnic utility (U.S. patents 3,431,089; 3,365,275; 3,446,604).




THE BDM CORPORATION

4., Polyhedral Borane Salts

-2 -2 .
a. B]OH]0 and 812H12 ions

The polyhedral boranes Ban'Z.are aralogous to planar

] aromatic systems in organic chemistry. The B]O and B]2 "cage" structures
are unusually stable, the B]? being somewhat more stable towards substitutinn
reactions than the 810'

B e e e

The structure of the B]OH10-2 ion is a symmetrically
bicapped square antiprism and is one of the few known chemical species

TR I m—— .

with D4d symmetry. The structure has been confirmed by IR and Raman

4,12 11 13 14,15

1 spectroscopy B nmr, ~ and x-ray crystallogranhy of the Cu salt.

Ab initio self consistent field (SCF) wave function calculation of

16

B]OH]O'2 properties have been performed. A considerable derivative

chemistry is known for the B]OH]O'2 1'on;]a the apical hydrogen sites

(1,10) are in general more reactive than equatorial sites. The ion is

{‘ , believed to be kinetically rather than thermodynamically stabi]ized.]7

- The ion demonstrates an unusually fast decomposition upon oxidation, which

: | may proceed through the'1?§i1e apical hydrogen atoms.

: 3 The B12H12 jon is an icosahedron (Ih symmetry), in
accordance with infrared and Raman spectra. It is believed to be

slower reacting toward oxidation than the B. . ion (see section C.5.a.).

10
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There is a great deal of similarity in the chemical properties
of the E]OH]OZ' and 812H122- ons. Both anions have unusually good
} ‘ kinetic stability in the presence of acids and bases. They are oxidatively
; » and hydrolytically stable, and their alkali-metal salts are stable under
vacuum to 600 to 800°C, respective]y.]C
A substantial derjvative chemistry from substitution on
the cage is known.l2
b.  Synthesis of Polyhecdral Borane Salts
Synthesis of various salts of B]OH]O'2 and B]ZH]Z'2
generally involves metathesis starting with the acid, sodium salt,
ammonium or triethylammonium salt, or by reaction of amines with
B]OH]Z[S(CH3) J. Direct metathesis via base displacement, followed by
precipitation or evaporation, is possible for cations of strong bases.
; Many salts can be prepared by stoichiometrically nevtralizing the
aqueous acid HZBIOH]O or H2812H12 with (1) a soluble hydroxide of the
desired cation, such as ammonium hydroxide, (2) the conjugate Brgnsted
base of the desired cation, such as a free amine, or (3) a soluble salt
of the desire cation, such that the salt anion is destroyed during the
reaction, such as guanidine carbonate. The aqueous solutions of the
salts may be evaporated to dryness to recover the crystalline salt.
Alternatively, some salts may be precipitated from the aqueous solution |
by a nonsolvent that is miscible with water. The salts may be purified %
by recrystallization. (U.S. patent 4,135,956)
| Many synthetic routes to various salts are viewed in the
Hterature]’4 and 1n virtually all the applicable patents.

3 C. Properties of B]OH]O'2 and B]ZH]Z'2 Salts

Muetterties4 reports salts of alkali metals, transition

3 ; metals and complex ijons of water or ammonia (i.e. [Ni(HZO)G]B]OH]O),
| Cs, T1, tetra-n-alkylammonium, trimethylsulfonium and quarternary .
4 phosphonium. Cesium tends to precipitate double salts CsZB]ZHIZ'CsX, I 3

X = Cl, CN, BH4, if sufficient X is available. Preparation of

18
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(pyridinium)zB]OH]O, (quino]inium)zB]OH]O, (2,2'—bipyridinium)zB]OH]O
give deep yellow crystals. Many simple salts of metals ard nonmetals

. as well as the acids are described in early DuPont patents [U.S. patents

5 3,148,938 (ammonia and hydrazine salts of B,cH, “2); 3,148,938 (metal

: salts of B1OH10'2); 3,149,163 (amine end organo-substituted salts of

, B]OH]0° )3 3,15?3044 (acid HyByoHy,)5 3,169,045 (metfg and nonmeta;

: salts of By H,, “)]. More recently, salts of BygHyp ~ and 812H12-

' with boron-containing cations are described by Stafiej (U.S. patent
3,383,399); salts of guanidine and substituted guanidine with B]OHIO-
by Goddard (U.S. patents 4,002,681; 4,164,513; 4,130,585); and polyquaternary

| amnoniun salts of By,H ™% by Ehrlich (U.S. patent 3,509,152).

' The salts of B]0H10 and 812H]2_ are more water-insoluble
if the cation is large,although salts of B]OH]0 are more water soluble
than analagous salts of B]2H]2-2' Salts of aquo-metal cations are more

i soluble than similar salts of amine-metal cations. B]OH]O-Z salts of

smaller organic cations such as NH4+ are soluble in the lower aliphatic

alcohols (see U.S. patent 4,135,956). Salts of Ag+, Cu+, Hg+2 form

water-soluble salts with no B-H reduction.

2

The boron cage structures are readily identified by IR spectra ‘

in Nujol, Fluorolube, and KBr pellet by the B-H stretching frequencies
1

near 2470 cm” ! and cage deformation frequencies near 1015cm”
Byt
by boron assay by oxidizing the cage ion to boric acid with a platinum
catalyst in hot acidic solution and titrating against the boric acid.]b
Unhydrated alkali salts are thermally stable to at least
ij 600°C. Most organic salts are characterized by a well defined melting

for |
and 1070cn™ ! for B]2H12'2. The salts are conveniently analyzed ]

. el amcalll o b e

f point (or autoignition, for the monopropellants). One exception is

: the ammonium salt of B]OH]O-Z, which exhibits a crystallization-technique

dependent melting point (239°C for acetone washed crystals,~300°C for i
s water or ethanol recrystallized materia]).]8

in 2 forms, (N2H5)2810H]0 and (N,H

The hydrazine salt appears ]

. 18
2M5)9B1gM 0" 2NHy -

19
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The toxicity of the salts appears to be low ]9’20; that
of the sodiun salts of both B..H -2 and B, H. = is comparable to

; 4 10710 1212
5 sodium chloride. This is in contrast to the Figh toxicity of decaborane

. . o 21
g end its usual derivatives.

D.  IGNITION AND PYROTECHNIC CHARACTERISTICS OF POLYHEDRAL BORANES

1. Simple Salt Monopropellants and High Energy Fuels
Kaczmarczyk et a1]7 report the aqueous heat of formation of the
B]OH]O—Z ion as +22+5 kcal/mole and of the B]ZH]Z'2 ion, +11+10 kcal/mole.
This indicates that, depending on the heat of formation of the salt cation
and the energy bound in the crystal lattice, certain of thece polyhedral
borane salts may contain substantial free energy, i.e., exhibit exothermic ,
composition per se. |

Goddard reports such B-N monopropellant behavior for the mono, |
di-, and triamino substituted guanidine calts of B]OH]O'Z, which exhibit
heat of explosions (under argon) of 1228, 1556, and 1367 cai/gram
t respectively (U.S. patents 4,164,513 and 4,130,585). The calculated
: heat of formation of the triaminoguanidine salt is substantially positive.
| Other simple salts which should contain substantial internal energy
include hydrazine, substituted hydrazire, and hydroxylammonium salts
of both polyhedral ions,

High energy fuels include almost any salt containino the

B]OH]O—Z or B]ZH]Z'2 ion, but the most energetic should include ammonium
i and substituted ammonium (U.S. patents 3,148,938; 3,149,163; 3,169,845),
; guanidine (U.S. patent 4,002,681), and those with boron-containing
cations (U.S. patent 3,383,399). The more stable should include
R 3 alkali and alkaline-earth metal salts and quaternary ammonium salts.
2. Double and Complex Salts

As reported by Muetterties,4 cesium tends to precipitate double
salts (see Section C,4,c); if the attending anion is an oxidizer, a
molecular monopropellant results. Known double salt monopropellants

20
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! of this type include C52 100 10 CsNO (U.S. patent 3,107,613),

CSZB]ZH]Z-CSNO3 (U.S. patent 3,184 286) and (CszB]0 ]O)ZCSZCr 07 (U.s.
patent 3,256,056). The nitrate double salts exhibit very fast reaction;
in squibs, the 8]0 function time is reported to be about 30 times faster
than the B]2 material.

The dichromate double salt is a slow burning, gasless delay i
mix. Burning rates in drawn cords (0.15 to 0.25 in dia) are in the |
f range of 0.4 inches per second.

i Another class of complex salts consisting of complexed ions
of cobalt and chromium, polyhedral boranes, and oxidizer have been

? patented (U.S. patent 3,411,890). Representative compounds include
. the following:

(NO.,)

’ [Co(NH3)5NO3]B 30y

0 10

|
I
|
[Co(NH3) 618, H, ,(N05) - 4H,0 |

[Co(NygHgN,) 318, (C10,)

Cr,(NH

2( 3)10( 3)4 10 10
These are believed to be (possibly) detonating materials useful és
ignition and primer explosives.
3. Pyrotechnic Compositions Incorporating Polyhedral Boranes
Physical blends of simple B10H1O -2 and B12H1 -2 metal salts,
) primarily cesium, were characterized in early work at DuPont (U.S. patent
3,126,305). Linear burning rates as high as 12,000 inches per second

were reported for compositions in cord form.

R B S el | W ——— -

Similar fast burning materials based on the B]O”]O -2 ion were
explored in some detail in the 1950's, 70's, and continuing to the present
by Teledyne McCormick Selph (Hollister, Caiifornia). Some specialized

materials are marketed under the tradename HIVELITE. Goddard and Thrasher
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. ke . .
oxidizers. A coprecipitation process was developed that produced uniform

and reproduceable high burn rate ignition materials (U.S. Patent 4,135,956).
Specific compositions reported include:

character1;ed physical blends of nonmetallic salts of B10H10-2 with common

25% Cs,B H]O / 75% KNO

2710 3

15% [(CH3)4N]2810H10 / 85% KNO3

15% [(NH2)3C12810H10 / 85% [(NH2)3C]NO3

25% (NH4)2810H]0 / 75% NH4N03

A wide range of heats of reaction and gas/solid combustion product ratios
were obtained. Burn rates in cord form were in the 10,000 in/sec category.
Similar coprecipitated compositions were reported for the triaminoguanidine
salt of B]OH]O'2 with triaminoguanidine nitrate (U.S. patent 4,172,743).
Applications of these materials in ignition systems, transfer ordnance, and

propellants were numerous.23

Ammunition ignition applications are re-
24,25

including Tinear primers for large caliber guns (U.S. patent

4,080,902), propellant coatings (U.S. patent 4,089,716), and consolidated

grains incorporating integral ignition compounds (U.S. patent 4,094,712).
The higher burn rates, 10,000 in/sec and up, place these materials

in a unique category of compounds having propagation rates midway between 1

deflagration and detonation.26 The non-detonating high burﬁ rates have |

been confirmed in Timited testing at Lawrence Livermore Laboratory.27

4.  Government Programs Using Polyhedral Boranes

ported,

Several Recent government programs have used decahydrodecaborates
(supplied by Teledyne and R & N Chemical/Roberts Research) in ignition and
propellant applications. A major problem with some B]OH]O'2 containing salts
appears to be sensitivity (impact, friction, and especially static). The
sensitivity of materials tested to date is of such a magnitude as to possibly
preclude generalized service use as a bulk ignitor material. No systematic

exploration of 812H12-2 and the 820 anions comparable to that done on the B

family has been performed.

10
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a.  ARRADCOM
1) Large Caliber Soft Recoil Igniter
A program within LCWSL has been under way since 1975 to
develop reproduceable ignition in the Large Caliber Soft Recoil System.
Mr. Sid Bernstein of ARRADCOM reviewed the program with BDM; no report has
been published. Two series of test firings were conducted using an XM119
center core igniter configuration that incorporated strands of HIVELITE
(metal encapstlated proprietary ignition compositions based on B]OH]O-Z manu-
factured by Teledyne McCormick Selph) in various geometries.

In a first series of tests, long (about 24") HIVELITE
strands were placed in the axial sausage bag with Class 3 black powder; the
breech ends protruded into the base ignition pad. A limited series of
fiings indicated that normal ignition delays of 60 msec were reduced to
20-30 msec with very good reproduceability across the temperaure range.

PRNEN W mnm————
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1 test shots, stick propellant in the center core in place of
ave 20-30 msec (+1.5 msec deviation) ignition delays.

A second series of about 40 fieings was conducted using
a similar configuration of 6 or 7 HIVELITE strands without a base pad. The
strands were arranged in a hex pattern on the base closure. No black
powder base pad was used. Class 5 BP was used in the sausage bag. The
HIVELITE strands were difficult to ignite in this configuration, and
misfires occurred. The tests were inconclusive as to the contribution of
HIVELITE in reducing ignition. delay, as it is known that class 5 BP also
reduces delay.

In further testing, strands of PETN and dextrinated
lead azide mild detonating fuse (MDF) were used with black powder and found
to give reduced ignition delays with good uniformity.

The conclusions reached by the experimenters were that
reduced ignition delays and uniformity for large caliber soft recoil
applications could be accomplished cheaper and easier with methods other
than HIVELITES.

2) Telescoped Ammunition Ignition

In a series of tests conducted at Frankford Arsena1,28
"AMMOLITE" ignition materials (Teledyne McCormick Selph propreitary com-
positions based on B]OH]O—Z) identified as #'s 300432 and 300473 were
evaluated for use in medium caliber telescoped ammunition. These are
described as fine powders with heats of explosion of 717 and 1348 cal/gram
respectively and high temperature stability. Characterization tests in-
cluding hygroscopicity, IR spectra, and DSC were run by ARRADCOM. The
300432 material was found to have relatively high hygroscopicity.

The AMMOLITES were evaluted in comparison to black powder
and BKNO3 in a 25mm telescoping round shot-start test fixture. Principal
test data results are stated as follows:

24
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Charge Extreme Temp. Extreme Temp. Action
Weight Pressure Variation - Time Variation
{(Grains) -65° to 165°F (p.s.i.) -65° to 165°F (msec)

EKNO3 (2K) 7.7 2939 0.69

Class 3 B.P. 13.8 4230 0.51

Class 5 B.P. 10.5 2300 0.19

TS 300,432 5.6 2180 0.09

™S 309,473 3.1 2282 0.05

Conclusions from the studies were that the "...tests have shown that the

Ammolite materials examined, when used in telescoped ammunition, are capable
of providing more consistently reproducible projectile seating action times
over the temperature extremes than either black powder or boron/potassium
nitrate igniters. Also, the required charge weights for the Ammolites are
generally much less than the other igniters tested."

3) Ballistic Research Laboratory

A series of high burn rate propellants were developed
by the Interior Ballistics Division of BRL for use in a 40mm hypervelocity
travelling charge experimental gun. The compositions, based on B]OH]O_
salts and various combinations of oxidizers and binders, were developed in
cooperation with Mr. Ray Price of the Naval Weapons Center/China Lake and
Teledyne McCormick Selph. A high burn rate combustor was used to measure
consumption rates of pressed pellets. Burning rates on unconfined pellets
of eight different compositions were estimated as follows: 28; 60; 169;
614; 1380; 2330; 3488; and 10,600 inches per second. Buring rates for
pellets with circumferential confinement were 30 to 130% higher than

unconfined pcllets of the same material. Experimental measurements of

impetus were 50-70% of theoretical.
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Such compositions might be very useful as HIDEF experi-

mental materials because of the intermediate burn rates observed.
b.  Air Force Armament Laboratory (AFATL)
The Ballistics Branch of the Guns, Rockets, and Explosives
Division of AFATL has had medium (20-40mm) caliber propellant dignition
. studies ongoing for almost a decade. Theoretical and experimental work has
| been contracted to OEA, Inc. (Denver, CO).29
of tests on ignition of deterred triple base propellant in the GAU-8 round

T ——

OEA conducted a recent series

using perforated flash tubes containing various types, configurations, and

quantities of ignition mater1a15.3o Among materials tested were A4 black

powder, BKNO3, ITLX detonating cords (1/8" dia), HIVELITE part numbers

134024 and 300435 (Teledyne McCormick Se]ph).31 The objective of the develop-

ment testing was to reduce action times on the deterred tri-base GAU-8

round to the order of 3 milliseconds. 1In 56 firings between Sept 1978 and
' Feb 1979, only the ITLX (833 mg load) and HIVELITE 134024 (733 mg) gave
the desired performance.

In a second series of tests conducted at Eglin, a test
fixture was developed to observe and measure luminosity (intensity, dura-
tion) in the medium caliber ignition sequence.32 No published report is
available. The general conclusions were that HIVELITE performance was on a
par with ALCLO. Both were substantially better than BKNO3, which in turn
was better than black powder.

An additional study was done at Eglin to characterize
HIVELITE propellant igniter material 134473 and a granulated version of it,
as well as propellant burning rate modifiers 510104 and 134465, to modify

| burning rates of nitrocellulose and nitrocellulose/HMX prope]]ants.33
E ; Increases in burn rates up to 50% were observed.
E i c. Naval Surface Weapons Center (NSWC)
1)  EX 164 Electric Primer
< A true HIDEF ignitor is being developed for limited pro-

duction for the 5"/54 gun at NSWC by East, McClure, and Burrell, culminating
an 8 year effort to characterize ignition phenomena and develop a high

26
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performance igniter.34_4]

The current configuration uses a central HNS
lead jacketed mild detonating cord as the linear propagation element; it is

surrounded by pellets of HIVELITE (Teledyne McCormick Selph part no. 300435):

PRIMER S$TOCK FLASH TUBE

IGKITION FERRULE COMPRESSION SPACER
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SPACER IGNITION PELLET

IGKITION ELEMENT LOCKIKG COLLAR CAP
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A standard electric primer for the MK1 MOD1 is used.
The flash from the black powder charge in the primer is picked up by a
booster assembly (lead azide/PETN) that ignites the MDF cord. The cord is
surrounded by pressed pellets about 0.3 in diameter made from a pyrotechnic
mix containing cesium decahydrodecaborate (CSZB10H10) and potassium nitrate.4]
] The active ingredients are housed in an extruded nitrocellulose primer tube.

The complete assembly is called the Rapid Ignition Propagation (RIP)
igniter.

Comparative tests at Dahlgren showed the RIP igniter
was superior to igniters with.black powder, MDF/black powder, and MDF/ALCLO
, materials in reducing pressure transients and propellant bed movement in
| the chamber. The RIP igniter achieved a dramatic reduction in acceleration
loads on the projectile base.

As part of the EX 164 primer development, a series of
characterization tests on the ignition material 300435 were done at ARRADCOM.42
The tests included impact, friction and electrostatic sensitivity; vacuum
stability; autoignition temperature; detonation velocity; density; DTA/TGA;
physical stability; effect of moisture. No detonation was observed when |
pressed pellets were ignited. Deflagration rates of about 12,000 in/sec
F | were observed. Thermal stability data (vacuum stability and TGA) suggested
some instability at elevated temperatures (TGA showed a 6% weight loss
between 190 and 370°C). The material was exceptionally friction and static
sensitive (~~9000 ergs) and was also quite impact sensitive (10% point -
6 in, P.A. apparatus). The composition was hydroscopic and possible deliques-
cent at very high humidities (90-99%).
Compatibility tests between the HIVELITE and components
: of the EX 164 were conducted at NSWC.*? No incompatibilities between
) HIVELITE and any of the proposed EX 164 components in contact with it were

observed. There was a possible problem between HIVELITE and cellulose

TSP U R s SR T e mpr— W
* e,

acetate butrate tubing which was originally considered as the primer tube.
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2)  FILMBAL Propellants
A series of fast burning propellants were developed and

characterized by the Weapons Systems Departmént of NSWC in support of the 3-
inch Lightweight Intermediate Caliber Gun System (LICGS).44 These incor-
porated coprecipitated B]OH]O-Z ignition compositions with nitrocellulose
binders. Burn rates for propellant type 1 were 20-50 inches per second
with an apparent negative pressure exponent. Propellant type 2 burn rates
were 140-250 inches per second with a positive pressure exponent.

E. AVAILABILITY

RSN — NN ;-

At present there are (at least) three producers of basic polyhedral

berane and pyrotechnic materials:

° Callery Chemical Company (Division of Mine Safety Appliances Co.,
Callery, PA). B]ZH]Z-Z salts. No pyrotechnic or explosive
materials. Patented and licensed products are indicated in
Section B.

° Teledyne McCormick Selph (Hollister, CA). B]OH]O-Z salts and

i pyrotechnic/ignition compositions based on them (some of which
k are marketed under the tradename HIVELITE). Patented and known
licensed products are indicated in Section B.

. R & N Chemical/Roberts Research (Hollister, CA). Certain types
of B]OH]O'Z, B]ZH]Z'2 and pyrotechnic/ignition compositions.

A Timiting factor in any future large scale production of polyhedral
boranes is the availablility of starting materials. The most convenient
starting material is decaborane, B]OH]4’ which until recently was available

i only in small (10 1b) quantities at about $2500/1b from a sole supplier
3 (Callery Chemical Co.). Discussions with Dr. Niles White at MICOM revealed
that the U. S. Army has recently brought on-line a carborane plant at
Callery that uses a continuous vapor phase pyrolysis to convert diborane to
decaborane in parallel unit reactors.45 The present facility is sized for
‘ 15,000 1b/year with expansion potential to 30,000 1b/year. The projected

R e L Rl B
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...

cost at the lower production figure is about $500/1b in FY '80. Using the
following estimates of conversion efficiencies and stoichiometry,

2,

B, H 93% yield

Biota ™ By0™0

30.8% B,,H

Cs,B 10M0

28100 ¢

25% CSZB1OH1O/ 75% KNO3 1 25% B]OH1O salt

the price of the polyhedral borane per pound of igniter composition is

about $42. If 3 oz are required per large caliber round, the basic borane
material cost per round is less than $8, a rot at all unreasonable amount

; considering the cost of advanced ammunition. Other synthetic routes not
involving decaborane as an intermediate could possibly produce substantially

cheaper material.
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United States Patent Office

) 3,107,613
Patenled Oct, 22, 1963

1

3,607,613
BONON COMIPOUND
tobert K. Arantrong, Glascharo, NJ., David C. Lnge
land, Wiliminztun, Del., George W, Passhall, London,
Fuland, and Doveid No Thstcuer, Fitmen, N, as-
siznurs 10 L. 1. du I'ont de Nemours snd Compeny,
Wilmingtea, Del, a corporation of Delaware
Ialed Feh. 17, 1901, Scr. No, 90,143
7 Claims.  (C). 102—-28)

The present invention rclates to a novel boron com-
pound and to its preparation.  More particularly this in-
sention relates to 3 doubls salt of cesium ritrate and
cesium decalydrodecatorate represented by the formula
CsNOy-Cs. 3, H o (hercinaflter sometimes referred 1o sim-
ply as the “double salt™).

Conveniently, the donblz salt of this invention is pre-
parzd by rcacting 2 boron hydride amine salt having the
formulz (yNH),B, 1, wherein R is hyJdrosca or a
lower alkyl radical with a nitrate and a cesiwn salt, e.g.
ccsium ritrate, cesium carbonate, or cesium fluoride,
The boron hydrice amine salts can be preparcd by re-
actir.g two mioles of a primary, sccondary, or tertiary alkyl
anine or of ammonia with 1 mole of a dceaboryl bis
(alkyl ulfide), c.z. decaboryl bis(dimethyl sullide) as
described in detail in copending applications Serial No.
6,554 filed Fcbruary 5, 1950 and Scrial No. 6,853 filed

‘ebrueary 5, 1960 in the namz of W. E. Knoth, Jr. and
ssigned to the prosent assignee.  The aming salt also can
preparcd by refluxing 13,0, with a lower alkyl tertiary
aminz in bzrzene for several hours, cooling the nuixiure,
adding acctons and filiering out the desired amine salt.

The prefcrred solvent system for use in preparing the
double salt of cesium nitrate ard cesium decahydredeca-
borate is water. The double salt is insoluble in solvents
such as Jower alcohols, ketones, and the like. lHowever,
it is soluble in a more polar solvent sich as water or
acetie oeid.  For this reason, a binary solvent system may
be desirable so that onc component will maintain the un-
reacted ions in solintion while the other cemponent wili
¢Tect precipitation of the product,  Solvent systems which
have beea used include water with 95% ethanol, and ace-
tic acid with 95%¢ cihanol. Mowever, the salt is stable
attemiperatures up to 420° C. and can be isolated from the
reaciion mass by imple evapeoration of the solvent. The
mode of recover,  ‘lie double salt is not critical and will
vary fromy casz 1o wise depending vpon the other ions
present in solution, the characteristics of the solvent used
inits preparation, elc.

Aliernatively, 1nc double salt czn be prepared by react-
ing a boion<ontaining acid represenied as a bydronivm
compound, i.e., by the formula (H;0):B,H,e (H20) .
wheee aiis 0 cr a positive integer with nitric asid and a
cesium componad.  The beron-contuining acid may be
prepared by trevting, at temperntores between 0° C. and
160° C., aa equaeous solution of a beron hydride amine
sali having ihe fornisla (R;NH,;B,0H,,. where R is hy-
dregen or ne alkyl ridical, with an jon exchange redin
capable o replacing the amire cations hy hvdrogen, e,
a coprlimer base of *tyrene cross-linhed with divingl-
benzene, sulfonated to introduce sulfenic acid groups into
the an1 ruclens as polar groups. The horon-contaiaing
acid can be isolaied from the agneous efluent by evapora-
tion of the water atelevated temperaiures, ¢ g, 30-40° C

-

preferably under redaced pressnure (0.1-5 nun. of mer-
cury Vo A more ddetailed discussion of the pepanation of
the raid is disclowed in eopznding applic atian Serial No.
GRS Gled Tebrozory &, i2ob in the name of W. H. Knoth,
Je. 2nd assipacd to the present a:vipnee,

I prep.ring the double salt, ngneaus solitions of the
in which the cosivar fs w2

Cosium salls ace ui. to
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the cxtent of at least tirce cquivalents of ccsium per
cquivalent of the deeahydrodeeaberic acid.,

The conibination of the cesium, nitrate, and decahydro-
.lecarborate fons to form the ¢ouble szlt occurs at room
tenperature (20-25° C.). When the double sult is pre-

~ 3£

~parcd from the boron hydiide amine salt, a water-solutle

ai‘rale und a cesium sall, heating is desirable to drive off
volatile corapounds such as the irce amine, anumonia. and
cprbon dioxide. The heating serves 1o efiect more cflivient
rccovery of the double sali froem the reaction mass rnd to
climinate fcdious scparation of the deunle salt from cther
compounds which otherwise might be coprecipitated. At
tzoperatures Lelow 0° C. tie motility of the icns lessens
so that the rcaction ratc is deercuscd and, additionally,
recovery of the double salt from the reaction niass is more
involved.

The double salt of this invention is stable indcfnitely
at room temperatnre, Surprisingly, it also is stable when
heated witliout cxposure to flame o temperatures up to
420° C. even though it ignites easily when held in an open
flame.

Signifcant bands found in the infrared at-orption
spectrum of the double salt are very slrong, conventional
inorganic nitrate bands st 7.3 and 12.1 snicrons, absorp-
tion peaks with shifiing at 9.55 and 9.80 microns, which
bands are indicative of the BjH o nucleus, and a splitting
found at approximately 4.0 microns indicative of a disturb-
ance in the B-—M streich, which disturbance demon-
strates that a true melecular compound is formed,

The following examples in which parts are given by
weizht illustrate specifie embodiments of the present in-
vention.

Example 1

A solution of 6.4 parts of triethylammonium decakydro-
decaborate and 1.7 paris of sodium nitrate in 50 parts of
waler was filtcred and a solutic: »f 9.8 parts of cesium
carbonz’e in 30 parts of water was added to tbe filtrate. A
precipitate formed, but, upon heating on a stcam bath, it
dissolved to form a clear solution. Ethbanol (95%) was
added 1o the hot <olution until it became turdid, and the
rcaction mixture was cooled further in an ice bath. The
cooled miixture was hltered and the residue dried. There
was obtained 5.65 purts of white, fibrous solid which on
analysis was shown 10 be CsNO;-Cs.B gH,q.
Analysis—Calculated for Csal3,,HoNOy: Cs, 68.9%:
fg%@a@&ESM‘dﬂﬁmﬁsmm&x
The infvarcd absorplion specirum obtained with this
mixed salt was very clean and characterized by splitting at
4.0 microns and peaksat 7.3, 12.1, 9.55 and 9.0 microns.
he mixed salt was dificrentiated from a simple mixture
f its componcrts by the X-ray diffraction patlern and
by the i frared sperirum.,

T
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A solution of 100 parts f tricthylammonium decahy-
dradecaborate in 200 parts of water was prepared, and
the resulting soludon was filtered 10 remove a very small
ammount of insoluble miaterial. A solution of 24.9 parts
of NaOH in 100 parts of water was added 1o the filtrate.
The mixtnie then was heated on a stcam bath for 1.5
hours 1o Crive off cxtrancous, cacily vaporized materials
such as the tricthylaming displaced from the amine salt
A solution of 26.5 patts of sodium nitrate in S0 parts of
witer was added to the hot salntion, and then o solution
of 153.2 parts of cesium carbunaie dissolved in 100 parts
of waler was a”fed.  After addition of 360 nil, of water,
the wnixture was fOlicred, end the resitue dried in air,
The residne consisted of 1354 parts of the double sale
of cesinm nitrate and cesinm decaiydroborate. “'1heiden-
uty of the product was confirnied by infrared anslysis,
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cxample 3

To twenty-five pasts of aqueous (11;0) 413, H 5 (H20)
containing U.C37 mcis of ncid wiis vdded 30 milliliters of
acclic acid, and the mixivre was coclcd 1o approximalcely
3* C. On: part of 96% ritiic acid in 10 parts of acctic
acid was added diopwise (o the mixture.  The resulling
solution was stirred overnipht while it came lo rovn tem-
perature, Upon pewirzlization ei ithe solution with ex-
cess vosium carbonate, v Inte necdies of the

C.‘:'\'O’ T CS:B]Q}{!O

were fermied which weie subsequently filtered from the
inoiher lignor, then rearystallized from 955 «¢thanol, and
dricd in air.  The identity of the comjound was con-
firmed by infinred snd clemental analysis.

Thz douvble szlt thus produsca has several propertics
which make it very useful for use ac an ignition agent in
clectzie blasting cips.  For example, in clectrie blesting
caps to be uscd for certain special purposcs, such as seis-
niozraphic exploration, the accuracy of the work is de-
pendent upon knowlcdee of the instant of delonation,
Al present, Icad styphnate js a preferred compositien for
such vses because it is considzred “fasi.”  However, lend
styphnate is Lnown to be highly sensitive to ignitioa by
discharges of static electricity and, accordingly, must be
handled with extitms caution,

The double salt of ecsium nitrate and eesium decahy-
drodecaborate has besn found to be very inscnsitive to
igniticn by distharges of staiic electricity and, at the same
time, to be icnitzble with suflicient rapidity to meet the
requirements of a “fast™ iznition charze.

To evaluate the pa:formance of the double salt of ce-
sium aitrate and cesium decahydrodecaborate, clectric

. blasting caps were picpared having the design illustrated

v

in the accoinpanying drawing. Relerring to the drawing,
the electric blasting cap comprises a shzll 11 having anin-
tegral closcd end.  Adjacent thie end is Juaded a base
charge 12, Such base charge may censist of any explo-
sive coavertionally ecmploved for such purposcs, such as
cyclotrimethiylenetrinitramine, pentacrythritol tetranitrate,
picrie acid, trinitrotoluene, tetryl or mixtures thereof.
Above base charge 12, is primer charg? 13 which may be
any of the primary cxplosives (highly sensitive to flame
and/or shock) conventionally employed, e.g. lead azide
or mercury fulminate. Above primner charge 13 is the
loose igniting charge 14 which in this case consisis of the
double salt of cesium rnitrate znd cesium decahydro-
decaborate. A bridpewire 15 connecting the terminals of
Icad wires 16 is embedded within the ignition composition
14, The shell 11 is sealed with rubber plug 17 which
also holds the lead wirzs 16 firmly in position.  Alterna-
tively, other ccuventional shell scaling means may be sub-
stituied for the rubber plug 17,

Example 4

A scries of clectrie tlasting caps were assembled as
illustrated in the attached drawing. The shell was of
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bronz: and was 1'% inches long with an outer diameter -

of 0.272 inch and an average inner Giamcier of 0.26 inch.
Into this shell was loaded approximatcly 4.9 grains of
pentacrythrino! tetranirate pressed at 225-250 Ibs,  ini-
mcdiately above this base charge, approximatcly 2.2
grains of lead azide voas loaded and pressed at about 200
Ibs. Two grains of the loose double salt of cesium ni-
trate nnd cesiin decaliydrodecaborate was inserted as the
ignition charge, A conventiona] rubber plug assembly
was inserted ja which a 0.0019 iuch diasacter §0/20
richel chromium bridee veire (resistance, 1.37=0.507)
was suldered to the Teud wires separated to provide a L
Inch span and projecting ta iech from the base of the
rubber plne. The leid wires contained in the rubber plug
were of 20 page copper isulated by nylon,  After the
cap was loaded and the plug Intented, tluee peripheral
crimps wzic niade in the shiell wall to seal the plug,

60
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To lest for static 1esitlance, the lead wires of a thns
nssembled enp were twisted together and connected to the
ligh voltage terminal of “lzg-to-shell” static sensitivity ap-
paralus consisting essentizdly of a souree of variable volt-
agz and a series of snicroniicrofarad condensers ranecing
in capacitance {rom 259-2000 pul; the shcll of the cap
was connected 1o a groand line. Voltages from 0 to
30,008 volts were zpplied 1o a coadenscr of known ca-
pacitance in iucremcenis of 1,000 voils and the eondenser
was allowed o discharge throush the cap.  The cap did
not dctonate at the upper limit of the machi ne, c.g. at
voliages of 30,00 volts applicd through a 2C00 pu!. con-
denser, indicatiug that the double salt has a static sesist-
arce zreaier than 77,503 man-cauivalert volts (m.c.v.).
When 1he c2p was disconnected from the static testing
apparatus and the lead wires conncsted ir a conventional
blasting circuit, iraition ozcurred within 0.082 miltisccend
with the passage ¢f a 5 ampere (5.85 volts) firing current
throuzh the -bridee wire of the cap.

Similar caps containing lcad styphnate as the ignition
charye custommly dcionaie in the static test when a po-
tential of 4,600 volts is applied through a 2,000 ppl. con-
denscr indicating a stziic resistancz of 9630 mee.v., and the
ignition time is approximztely 0.3 millisccond, which is
almost 4-fold longer than eaps with the aforedesc: bed
double salt,

Another imporiznt characteristic of the double salt of
ccsium nitrate and cesiem decahydiodecaborate as an ig-
rition chargc i1s 1ts stability at cicvated lemperatures.
Althcugh it is easily ignited by an incandescent resistance
wire, an arc discharge, or an “cxploding bridge wire,” the
salt has been found to be stable in the absence of flame
up to its very high meliing point.  When the double salt
was heated o a hot metal bar 1o temperatures up 1o 420°
C., no cvidence of occomposmon was noted. Tbe sig-
nificance of this may b2 more readily apprcc:a.cd by
comparing it to lc..d styphnate which begins 1o vaporize at
100° C., with mercury fulminate which flashes at about
180°* 7., and with diazodinitrophenol which is more sen-
sitive to heat than either lead styphnatz or mereury ful-
minale. This ability to withstand high temperatures is
a desirabls characteristic for initiating explosives usad in
oil weli perforating devices, in rocket applications, in tap-
ping sicel furnzces and other eavironments involving ex-
posure 1o high temperatare.

Squibs were also prepared using the double salt of
cesium nitrate and cesitm desahydrodeccborate. The
shell and plug asserbly including the bridge wire was
identical to that described in Ex.mplc 4 for the clectric
blasting cap, the only difference being that the detonat-
ing base chaiges and the priming charzes were omitted
and the charge weight for the double salt was increased
to three grains.  Squibs thus prepared fired satisfactorily
at temperatures as low as —56.6* C. (imbeddced in Dry
Ice). 1nthe vacuum firing test, a leak was simulated by
providing a vent opening in the shell; satisfactory icrition
occurred at the lowest pressure obtainabic in the test ap-
paratus, absut 23 mm. of mereury. With a 5 ampere
current, the squibs functioned in an average time of 0.96
millisccond; the minimum current required for initiation
averaged 0.37 ampere.  Black poveder, aluminum/potas-
sinm perchlorate pellets, cannon powders, and a number
of conventional rocket projellant compositions were ig-
nited by mcans of these squibs, and in all cases the func-
tioning wax <alnf~clor,,

Although our invention has been described with ntfcr-
ence 10 spedific embodiments thereof, the same are given
by way of illnstration only.  Maodifications and variations
will e spparert from our descliption to those shilled in
tae art nnd may be made withoutl departing {rom the
apirit nnd s:ope of the invention,

\\ ¢ cluim:

« At new composition of matter; C:»\'O, <Csal okl
« A provers for the prepatation of the double sl of
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ceslum nitrate and cesium decahydrodecaborate which
compriscs the steps of rcacting in solution, a beron-
containing compound sclected from the gronp consisting
of an acid represented by the formula

(11,0) 38,615, (11,0)
whercin i is a whole number sclected from the group
0 ard pocitive intcgers and boron hydride amine saits of
the formula (RyNH),B 01,4, wherein R js sclected from

the group consisting of hydrogen and alkyl groups having
less than five carbon atoms, with a nitrogen compound

sclccted from the group consisting of nitrie acid and ni- -

traics soluble in the reaction mixturc and with a salt of
cesium which is soluble in the reaction mesdium, and
thereafter scparating the resulling precipitate of the dou-
bie salt of cesium nitrate and cesium decahydrodeca-
borate.

3. The process of claim 2, wherein the reaction me-
dium is sclezted from the group consisting of waler, waler
and cthanol, acctie acid, and acetic acid and ethanol.

4. The process of claim 2, wherein the borco-contain-
ing compound is tricthylamine decahydrodecaborate.

5. An ignition composition comprising double salt of
cesium nitrale and cesivm decahydrodecaborate,
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6. An clechic initiator comprising a shell, an electric
heating cicmicnt within said shell, and a lovse ignition
compositica in contact with said hezting clement, said
composition comprising double sait of cesium nitrate and
cesium decahydrodecaborate,

7. An clectric initiator comprising a shell, an clectric
heating clement within said shell, a loose iznition com-
position in eontact with said healing clement, said com-
position comprising the doublc salt of cesium .jirate and
ccsivm decahydredccaborate, a lead azide initiator charge
adjacent the initiator charge, and a base charge selected
fromr the group of exniosives consisting of cycioniethyi-
enclrinitroamine, trinitrotoluene, cthylenedinitraamine,
picric acid, and tetryl adjacent said initiator charge on the
side of the latter remote from the ignition composition.
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3,126,308
LGNITION COMPOSTIIONS COMPRYSING BORON
CONTAING SALTS
tovert K. Armstrons, Glusbtoro, NUL, sovigner to E. L
& Paut de Newmours and Company, Vilming ton, Del,,
a corporation of Deisware
Filed Jan. 12, 1962, Ser. No. 166,469
7 Claims.  (CL 149-—=77)

This invention relates to a composition, and more par-
ticutarly, to an ignition compasition.

Ianition cempuositions find wide utility in the explosives
art in stch uses, for ex~mple. us in iznition cords and in
clectric initjators sch as blasung caps and sguibs. This
invention provides a broad new class of igniiion composi-
tions. The compositions of this invention are character-
ized. uncong other things, by ouuwstanding versatility.
Thus. for cxamgple, compositions of this inveniion ri. ige,
deprading upen ihe particular coastituents cmployed,
from fast functioning iemtion compositicns to slow func-
toning compositions useful, for cxample, in delay blast-
ing caps.

‘The ignition ¢ Z1epositions of this inventior: comprise an
intinate physical miature of (a) a meial salt of a boron-
contzining acid seiected from the group conzisting of dec-
ahyarudecaboric acid and dodecahydrododecaboric acid,
and (b) a o'd inorganic oxidizing agent.

Tustrative products prepared cmploying the composi-
Gons of this invention are showr in the accompanying
drawings wherein FIGURE 1 is a cross-sectional view of
an Jlectrie iritialor containing an fenition coniposition of
s invention and C1GURE 2 s » representative lengi-
wdinal cross-section of a piece . . . (nition cord coutain-
ine a compositicn of this invention,

The soltd mietal salts of deesidiydrodecaboric acid em-
ployed i the instant invention are conven'.atly preparcd
by reacting an aqueons solution of the avid repr sented by
the formita HiBiglle-(11:0), where m is zero or a
posit've integer, ¢.g, I to 3, or us the hydronium com-
pound (11,0),8,,11,0.(11,0 )} where m is the same as
alove, or a scluble salt of this acid, for cxample, an am-
moninm sz 1t, with a solution of a soluble salt of that metal
whose By I, salt is vesired under such conditions, c.g.,
particular solveat and concentration, that the dcsired
Byl salt precipitates froni the reaction solutzin. A
preferred solvent system for thic process cinploys water.
WLen aqucous solutions are used, the process involves
the step of adding to an aqucous soluiton of a watcr-
soluble salt of such metal a second aqueous solution of
a compound selccted from the group consisting of the
acid HyBjeHye, the hydronium compound, or watcr-
soluble salts of the acid. Alternative methods of prepar-
ing ‘he solid inctal salts of decahydrodecaboric acid, as
well os a more detailed discusisun of the above prepara-
tion are disc'osed in copending application Serial No.
6,855, filed February 5, 1960, in the name of W. H. Knoth,
Jr., and assigned to the present assignee. All of the prep-
aration methods disclosed in the aforementioned applica-
tion are incorporated hercin by refcrence.

The solid metal salts of dodecahydrododecaboric acid
used in the instant invention also are convenienty pre-
pared by the above procedure in which an aqueous solu-
tion of the acid represeuted by the formula

H3BisH 12 (Ha0)m
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where m is zcro or a positive integer, e.g., 1 to 4, or as
the hydronium compound (H;0):B1H2.(H:0)m where
m is the same as above or a soluble salt of the acid, for
example, an ammonium salt, is caused to react with a
solution of a soluble calt of that mctal whose ByaH; salt
is desired under such conditions, e.g., particula1 solvent
eniployed, that the desired ByoH 5 salt precipitates from
the reaction solution. Alkali and alkalins-earth dodeca-
hydrododecaboratcs can be preparcd by reacting an alkali
or alkaline-earth metal hydroborate with diborane under
superatmospheric pressure. The above and alternative
methods of preparing metal salts of dodecakydrododeca-
boric acid are disclosed in copending application Serial No.
30,443, filed May 20, 1960, now ubandored, in the name
of 1. C. Miller and F. L. Muetterties 2rd assigned to the
present assignce and the mcthods deserited the:ein are
incorporated kercin by refcrence.

Meial cations of the decahydrodccaboric and dodeca-
lrydrododecaboric acid salts can be derived gencrally from
any metal. The metuls according to the periodic table in
Deming's General Chemistry, edition 5, cbapter 11, John
Wiley andl Sons, Inc., and in Lange’s Handbook of Chem-
istry, edition 9 pp. 56-57, Handbook Publishers, Inc.
(1954), are the elements of groups I, I, VIII, 1313, 1VB,
VB, VIB, VIIB as weit as the elements of groups INIA,
IVA, VA, aad VIA which have atomic numbers above 5,
14, 33, and 52, respectively. These metals inciude both
light and heavy metals. The light meals are also known
as the alkali metals and the alkaline-earth metals. The
heavy metals include brittle, ductile, and low-malting
metals as deseribed in the above-mentionad periedic table
in Lange's Handtook of Chem'stry.

Preferred metals for use in the boror acid sa'ts of this
invention are the light iactals, pansicularly the ulkali and
alkaline-zarth metals of groups 1A and IIA having an
atomic number lcss than 87, including, for example,
lithivin, sodivm, potassium, cesium, maznesium, calcivm,
and barium, because these boron acid s2lis are easier to
isolate from the reaction mixture. Ccsium is a particu-
larly prcferred mctal cation.

Examples of metal salts of toron-containing acids which
can be used in the subject compositions 2re sodiui deca-
hydrodecaborate, magncsium dccahydrodecaborate, tita-
nium cecahvdrodecaborate, vanadium  decahydrodeca-
borate, chromium decahydrodccaborate, manganese deca-
hydrodccaborate, iron decahydrodecaberate, cobalt dcca-
bydrodecaborate, nickel decahydrodecaborate, copper
decahydrodecaborate,  zinc decahydrodecaborate, alu-
minumdecahydrodecaborate, antimony decshydrodeca-
borate, tin decahydrodecaborate, potassium dodecahydro-
dodecaborate, calcium aodecahydrododecaborate, lan-
thanum dodecahydrododecaborate, zirconium dodeca-
hydrododecaborate, molybdenum dodecahydrododeca-
borate, iron dodscahydrododecaborate, cobalt dodeca-
hydrodedecaborate, siiver dedecahydrodcdecaborate, cad-
mium dodecahydrododecaborite, aluminem dodecahydro-
dod=caborate, lead dodecabydrododecatorate, bismuth
dodecahydrododecaborate and mixtures thereof. Double
metal salts of the aforementioned acids such as, for ex-
ample, the double salt of cesium decahydrodecaborate and
cesium nitrate, the double salt of cesium decahydrodeca-
borate and cesium cichromate, the double salt of cesium
pitrate and mixtures thereof can also be employed in the
subject invention. Such dcuble salts can be prepared, for
exammple, by bringing together in aqueous solution, the
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various constituents of the double salt in substantially
stoichiometric proportions and precipitating the resulting
products from the aqueons medium.  Thas, {or example,
the double salt of cesium decahydrodecaborate and cesium
“ichromate can be prepated by bringing togetiter in an
aqueous solution a substantiaily stoichiometric mixture of
tirethylammonium decohydrodecaborate, potassium  di-
chromzie and cesium hydroxide and precipitating the
double salt from the resulting mixture.

Any colid snorganic axidizing agent which will yieid
oxyren or selfur upon decomposition and which will
read\ly oxidize the boron-containing zcid employed in tbe
subect compositions, that is, will readily react or bum
with the boron-contiining ncid, can te employed as the
second essertic! constituent of the compacsitions of this
invention.  S9'id oxygen-coutaiaing micial salts are pre-
ferred as oxidizing agents becruse of their availability
and ease of incorporation itto the composition.

Examples of solid inorganic oxidizing agents which can
be used in the subjecy irvention are ammenium, alkali,
and alkaline-earth salts of inorganic oxygen-containing
acids, such nn nitrie, chloric, perchloric, persulfuric,
thiosulfuric. permanganic, peniodic, iodic, bremic and
Jhiromic acids, Pepresentative of these are cesivm nitrate,
b.rium nitrate, ammonium nitratc. sodium nitrate, pota
sium nitrate, potassium perchlorate, ammonium percllo-
rate, potassivm clilorate, potassium permangunate, Lih-
ium perchicrate, sadium perchiorate, sodium dichromate,
sodiumy thiosulfile, and lead chiomate, Othz: solid in-
organic ovidiang agents include lsad thiocyanate, the
oxides and peroxides of the light and heavy metals and
noametals. such as barium peroxide, lead peroxide
(I'b0y), Lithinm peroxide, ferric oxide, red lead (Pb;0,),
cupric oxde, tcllurium dioxide, antimonic oxide. etc.
Mixtures of the afarcinentioned oxidizing agents also can
be used.

As indicated hereinbefore the properties of the con-
positinns ot this invention can be varied widely depend-
ing upon the particular boron-containing acid and solid
inor ganic oxidizing ageat employed and the ratio there{or.
Generally, 1.z molar ratio of the solid inorganic oxidizing
apent to the meral salt of the boron-conlaining acid is
preferably within the range of about from 0.5/1 to 10/1
re<peclively.

Additives convertionally cmployed in ignition compesi-
tions such as linear vinyliderne Jluoride-hexafluoropropyl-
cne copolymer; neethyleellulose; gum a.abic; dextrin;
elastomeric compositions including, for example, polyura-
thancs, chloroprene rubbers, patural rubbers, acrylonitrile-
butadicne elastomsrs, styrenc-butadiene rubbers, polyiso-
butylere rubbcers, and polysulfides, can be added to the
compositions of this invention in conventional amounts,
for example, in amouits up to about 2% by weight.

The compositions of this invention are preparcd by
mcerely intimately mixing the finely dividcd constituents
therefor in conventional mixing cquipment. Usuaily,
althou2!r not necussarily, constituents having a particle
size of less than 40 mesh (U.S. standard series) are em-
ployed in order to obtain optimum intcrmixture of the
constitucnts. The preferrcd particle size is 100 mesh. The
compositions of this invention are incorporated in various
articles such as, for exainple, electric initiators and igni-
tion cords, by procecures conventionally employed in the
art for know ignition compositions.

Referring now to the drawings which illustrate the
use of uie ignition compositions of this invention, in FIG-
URE 1, 1 represents a tubular sheil, e.g., of aluminum,
coprer, bronze, etc,, 2 is a sealing plug, e.g., of natural
or synth.tic rubber, 3 are peripheral crimps in the shell
wall for maintainin;y the plug in osition, 4 are leg wires,
5 is a resistance bridgewire, 6 is an intimate blend of the
novel ignition composition of the iavention. It will be
noted that in the embodiment of FIGURE 1, charge 6 is
thie orly charge present in tbe igniter; however, additional
charges conventionally used as primiing or base charges
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may be positioned below and adjacent charge 6 and may,
in turn, be initiated or igrited by charge 6 and this is in-
tended to be within the sccpe of the inveniion. All of
the above features, ex:ept the novel ignition composition,
represent eonventionsl elements of elsctric initiators.

In FIGURE 2, 7 represents a continuous core of the
composition of the invention contained within a flexible
sheath 8, e.g., of nonmctatlic material, such as fiberglass,
or a ductile metal, ¢g., aluminum, lead, copper, or a
braided metal wire.

In addition tc the forezoing specific examples, the fol-
lowing more detailed working examples iilustrate nu-
r:erous cempogitions of this invention and the propertics
thereof. In Example 1, immediatcly foilowing, the effect
of varying the proportions of the metal salt of the boron-
containing acid and the solid inorgznic oxidizing agent
on the properties of the various corapositions of this in-
veniion is illustrated.

EXAMPLE 1

Blends of cesium decahydrodecaborate (Cs,BH;y) or
cesivm dcdecahydrododecaborate (Cs,B,2H,,), respec-
tivcly, and potassium perctlorate were prepared by in-
timately aixing 100-mech cesium decchydrodecaborate or
dodccahydrododecaberate ard 100-mesh potassium per-
chloratc in 2 mechanical blender. The various blends
prepared and the physical and exposive properties of these
blends are given in the following tatles.

Table 1

Ienition
Blends of CsyByolli/| Impact Stotie Time Thermal
KCl10, f1uoles)

Sensitivity | Sensitivity ! (milli- Stability
(inches) (mev.) scconds)y 2 *Cl)
greins loose

n

>4 77,500

4.
>N, 5’:&3 3.
DT 50
>17,50

SINIC &

we

D ¢ s N
£

*Not determined,

Table 11

Ienitlon
Blendsof CsiBullyy/ | Imrpact Slatie Tin.e Thermal
KCl10¢ :ucles) Sensitivity | Senaitiy ty | (muli- Stability
(inches) {mev ) secoads) 2 (°C)

grauisloose

gE%

105 o eeanneees >45
>4g

. 475
5.0 45J
4.5 440

VVV
S

RS

*Not dclermined.

The impact sensitivity of the compositions in the above
tables was detcninined by placing a portion of the com-
position of this inventica in a thin, vniform layer on a
stecl plate and determining the height at which a ¥2-inch
diameter steel ball (8.3 grams) dropped on the mixture
will detonzte the mixture. When the stzel ball is dropped
from 2 height of at least 45 inches and the mixture does
not detonatc, the mixture is {ermed impact insensitive.
The static sensitivity was determ’ned conventionally by
placing a portion of the mixturc in a copper sbell having
leg wircs. The leg wires were twisted toge‘lier and con-
nected to the hish voltage terminal of a deuble “leg-to-
shell” siatic sensitivity apparalus consisting essentially of
a source of varich’e voltage and a series of micromicro-
farad condensers 1anging in capacitance from 250-2000
#efd.; the shell was connected to a ground line. Voltages
from 0 to 30,000 volts were applied to a condenser of
known capacitance in increments of 1,000 volts and the
condcnser was aliowed to discharge through the shell
containing the mixture, Those mixtures are considered
not stalic sensitive in which a static charge of at least
10,000 volts at C.000} microfarad, ie., 10,000 man-
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equivalent volts (m.e.v.) is necded to ignite or detonate
the mixture (! man-cquivalent-volt charge is the energy
of a condenscr of 0.0003 microfarad capacitance cbarged
to a potential of 1 volt). The maximum charge which

6
EXAMPLE 3

A numbcr of ignition cords were preparco by drawing
down through a series of dies a lead tube filled with one
of the following mixtures. The distribution of the mix-

may be applied in conventional equipment is 77,500 m.e.v. § ture within the lead sheath, the outer diameter of the
The ignition time was determined in the above tables by cords, and the burning rate of the cords are summarized
using 2 graios of a loosc or pressed composition of this in Table IV.
Table IV
Mixtures Outer | I'istribo-
Diameter] tion of | Burning | Burniug
3 of cord | Mixtore Rule Rate
| Boron-Contalning Salt/Oxidant Mole (Luch) (grainsi | (nueter/ | (dn.jsec)
Ratlo ft.) sec.)
(‘s:BnIhnIKCI,Ox ................... 1/8 0. 105 13.05 329 o
Ca;Bioll1i/NaNOs... 1/6 0. 105 10.5 158 ©
s CsyBioli10/P1i0s... 13 0.105 26.4 D 0,
, CaBiolli/ KMnOy. ... ... 1/3 0.105 184 14.8 U
: C:3B1othis/N2:yCry01-211,0 1/2 0. 105 11,08 ° 0.21
H Cs1B1oI1/Ba0s..cccoeeae. 1/6 0. 105 19 ¢ . 1.75
Cs3Bioliin/ NasS101. 1/2 0.1¢5 11.2 o 1.0

*Not determined.

S

invention as the ignition charze in a conventional electric
blasting cap asscinbly coasisting of a copper shell con-
taining 4 grains of penizerytiritol tetranitrate pressed at
200 pounds as the base cbarge ard 3 grains of lead azide
pressed at 200 pounds as the primer charge, applying a
direct current of 5 anpercs to a 0.0019-inch diameter
“Nichrome” (80/20 alloy of nickel and chromiuvm)
bridgewire imbedded in the ignition charge, and measur-
ing thc time interval betwecn the clesing of the switch
on the source of tbe firing current and a bursting of the
shell. The thermal stability is tbat temparature up to
wbich the mixture exhibited no clunge in appcarance or
did not detonate.

An equimolar amount of other metal salts of the afore-
mentioned borun-coniaining acids such as, for cxample,
sodium, rnagnesium, barium, potassium, calcium, silver
decabydrodecaborate or dodecahydrododecaborate can
be employed in the above compositions to yield ignition
compositions having gererally similar properties.

The following cxample illustratcs the use of various
diffcrent solid oxidants in the compositions of this inven-
tion.

EXAMPLE 2

Mixturcs in the proportions indicated in the following
tables were prepared according to the procedure of Ex-
ample 1. The physical and explosive properties of these
blends are as follows. .

Table 111

30

40

In a likc manner, ignition cords can be prepared as de-
scribed above witb ignition compositions in which sodium,
barjum, potassium decahydrodezaborate, or dodecahydro-
dododecaborate is substituted, on a molar basis, for soine
or all of the cesium decahydrodecaborate employed above.

I claim:

1. An ignition composition comprising an intimate
physical mixturc of (a) a mctal sal of a boron-containing
acid sclected frrm the group coassicting of decahydro-
decaboric acid and dodecahydrod. :aboric acid, and (b)
a solid inorganic oxidizing agent.

2. An ignition composition of claim 1 wherein said
metal in said metal salt is sclccted from tbe group con-
sisting of alkali and alkaline earth metals of groups YA
and IIA having ar atc—ic number of less than 87 and
said solid inorganic oxidizing agent is an oxide or per-
oxide.

3. An ignition composition of claim 1 wherein said
mctal in said mctal salt is selected from the group consist-
ing of alkali and alkaline eartb metzls of groups IA
and [IA having an atomic nu:iber of less than 87 and
said solid inorgani. oxidiz:ng agent is selectecd from tbe
group consisting of ammonium, aikali, acd alkaline earth
salts of oxygen-containing inorganic acids.

4. An ignition composition of claim 3 wherein said
metal salt is a salt of decahydroJecaboric acid.

5. An ignition compesition of claim 3 whcrein said
metal salt is a salt of dodecahydrododecaboric acid.

Mixtures Ignition Time

(milliscconds) Impact | B8tstie | Thermal
Seunsi~ fensi- | Huability

tivity tivity t¢C)
Boron-Contstring 3 gratns | 2 grains | (Incbos) | (mev.)
4 Selt/Oxidant Ratlo p’m%. ot| loose

C93EaH10/CSN O caeecennns
CsiLiHi/KCI10s. .
y C33BigcHi/NoNOy..
C23B1ad 110/ Pb30y. . . .

CssBroHit/ KMNO4. aeeone-e 13

[ CsyBylii/ NayCryOy-2Hy

. Cs1BH1o/B80s. ...

4 ! Cs3B1oH14/N8sS30s.

*Not determined.
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The impact and static sensitivity and the ignition time 6. An irnition composition comprising an intimate
and thermal stability of the mixtures in Table III were 10 pbysical mixture of cesium decahydrodecaborate and po-
determined by tbe methods described in Example 1. tassium percblorate. . -

All of the squibs functioned satisfactorily. 7. An ignition composition comprising an intimate

The use of the rovel ignition compositions in ignition physical mixture of cesism dodecahydrododecaborate and
cord depicted in FIGURE 2 is illustrated by the follow- ~ Potassium perchlorate.
ing. 75
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1 his invention relutes to solid recution products of cer-
tain anunes and decaborane.

‘Lhe solid products of this invention when incorporated
witli suitable oudizers, such as ammonium perchlorate,
potassium perchlorate, sodium perchlorate. aromonium
mitrate and etc.. yicld solid propellants snitable for rocket
power plants and other jet propelicd devices. Such propel-
lints burn with high flame speeds, have high heats of
combustion and are of the Igh specific impulse type.
Probably the single most important factor in determining
the performunce of a propeliant charge is the specific im-
pulse, and appreciable increases in performance will result
from the use of the higher specific impulse materials. The
products of this inventon when incorporated with ox-
idizers are capable of being formed into a wide variety of
grains, tablets and shapes, all with desirable mechanical
and chemieal propestics.  Propellants produced by the
methods descnibed in this application burn uniformly
without dwsintegration when ignited by conventional
racans, such as a pyrotechnic type igniter, and are me-
chanically strong enough to withstand ordinary handling.

Several investigations have been reported concerning
the simple acid-base adduct formation between decaborane
and amines. Note. for example, the article reporting de-
caboranedimethylamine adducts by S. J. Fitch and A. W.
Laubengayer, J. Am. Chem. Soc., vol. 80, page 591 1-5913
(1958). The simple acid-buse recaction yields adducts
whose compositions are dependent on the temperature of
the reaction mixture and the ratio of amine to decaboranc.
The amine molecules may be removed in a somewhat step-
wise manner by warming and evacuation. Apparently
the monamine and diamine adducts are quite stable at
ambient temperatures but may be decomposed into the
original ceunponents at slichtly elevated temperatures. It
is possible to regenerate the decaborane quantitatively by
displacement with hydrogen chloride, and presumably
other strong acids will etfect the same displacement.

It has been found that in the presence of excess amine
and heat, an additional reaction occurs according to the
following equations:

m
21N + Bully == [(RN\NHDlly] ——— (RyN)2ByolTia 4 H;
tenrene Leenzene
[ O Bu C,
or
)
RN
LN + Bulty — JN-Dylly —— (RaNY 3D plly + M
tunzene benzene
0% "¢ 809 (8,

The reaction involves the loss of hydrogen and the
formation of the very stable bis-wminodecaborane com-
pound. The compounds are usually white, crystalline ma-
terials with high melting points. They are quite insolnble
in the common aliphatic hydrocarbons and in ether, but
demonstrate moderate solubility in alcohols and acctone
from which they may be crystallized. The degradative
nlcoholysis which occurs with decaborane at room tem-
perature does not take place in the casc of these diamino-
decaburane compounds even at the reflux teperature of
(he alcohol.

In the normal course of synthesis, one mole of hydro-
gen is cvolved for cach mole of decaborane used, The
rmr shos abo Ince nf hvdrogen oceurs in the case of the
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tertizry amines as well as primary and secondary amines
suggests that the amino hydrogen atom is not involved but
that the hydrogen atoms evolved originate exclusively
from the decaborane.

The infrared spectra of mono amine adducts, bis amine
adduces and bis amino compounds, when compared to the
spectrum of decaborane itself, exhibit definite alterations.
The most obvious diffcrences occur in the regions ascribed
to the bridge hydrogen B-H stretch frequencies, normally
a doublet at 5.20 and 5.30u and a triplet over the 6.40-
6.80u region. The B-H absorption band normally at
3.85u is displaced slightly to about 4.0p.

Hence, the solid reaction products of this invention are
prepared by reacting decaborane with a primary, sec-
ondary or tertiary amine at a temperature above about
15°" @,

Suitable primary amines include, for example, methyl-
amine, cthylamine, n-propylamine, i-opropylamine, a-but-
ylamine, isobutylamine, sec-butylavine, tert-butylamine,
n-amylamine, isoamylamine, 2-amincpentane, tert-amyl-
amine, n-hexylamine and n-octylamine. Suitable sec-
ondary amingcs include, for example, dimethylamine, di-
ethylamine, di-n-propylamine, diisopropylamine, di-n-hut-
ylamine, diisobutylamine, di-sec-butylamine, methylethyl-
amine, piperidine, morpholine and the like. Suitable ter-
tiary amines include for example, trimcthyiamine, trieth-
ylamine, tri-n-propylamine, ethyldimethylaminc, n-propyl-
dimethylamine, methyldicthylamine, 2-chloroethyldimeth-
ylamine, tri-n-butylarnine, triisobutylamine, tri-n-amyla-
mine, triisoamylamine, and the like.

The ratio of reactants can be varied widely, generally
being in the range 2 to 20 moles of amine per mole of
decaborane, preferably 3 to 10:1. The reaction tempera-
ture can vary from about 75° C. to 150° C. and the pres-
sure can vary from subatmospherie to several atmospheres,
although atmospheric pressure reactions are convenient.
The reaction to go to completion generally requires from
one to fifty hours depending upon the ratio of reactants,
the particular reactants utilized, and the temperature and
pressure employed. Hydrogen is evolved in the amount
of one mole per mole of decaborane.

Although the reaction will proceed in the absence of a
solvent, best results arc obtained by carrying out the
reaction in a solvent common for the reactants but inert
with respect to the reactants. Such solvents include ali-
phatic hydrocarbon solvents such as n-pentane, hexanc
and heptane, aromatic hydrocarbon solvents such as ben-
zene, toluene and xylene, cycloaliphatic solvents such as
cyclohexane and methylcyclopentane and oxygenated or-
ganic solvents such as dioxane, ethyl acetate, and diiso~
propyl cther. Dioxane and ethyl acetate form shock sensi-
tive solutions with decahorane and so are less favorable
solvents. The amount of solvent can vary widely but
generally ranges up to about 70 times the weight of the
reactants,

The process of the invention is illustrated in detail by
the following examples which arc to be considered not
limitative,

EXAMPLE 1

Ina 500 ml., thrce-necked, round bottomed flask, were
placed 12.2 g. of decaboranc (0.1 mole) dissolved ir 300
ml. of benzene. The flask was fitted with a dewar-type
condenser, cooled by a Dry-Ice acetone mixture, and a
dropping funnel topped by a similar Dry-Ice condenser
Trimethyl amine was condensed into the dropping funncl
to the extent of 60 ml,, slightly in excess of 0.6 mole.

The benzene solution of decaborane was then main-
tained at 0° C. and stirred with a magnetic stirrer while
the liqueficd amine was added dropwise over a one hour
period. During the addition of the amine a white precipi-
tate formed which turned light green on continued amine
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addition. The precipitate appeared to go into solulion
for the most pant durmg the later stages of amitie addi-
vwon.  When the final reaction niisture wis perinitted to
warm 1o room temperature, i whie cryataliine materiul
was formed. A porhion of this material wis removed,
washed with benzene, and submitied s o sunple far in-
{rared analysis. The hady ol the Jeietion minlure wis
then heated slowly ta e retlng temperaire ol benzene
and the volatile materials whedle were evolved passed
throueh Dry-lee and liggnid muepen traps and futo a “wet
test meter.”  1urty-one ml. o wumeihyLainune were col-
fected and 2870 ml of lndtrogen waie nieasured over a
12 hour perid.

The reaction minture was then ¢ooled 1o roam temper-
ature and filieredt  Fhe sohd obtained was wished three
times with Bensene and three nmes with anhydrous di-
cthvh ether.  The crude prahict weizhed 185 g0 It was
tound that 4 pertton of this tinal salid could be extracted
wath aeetone.  Approunttely 23 percent of the solid re-
achion minndure was isoluble in acctone, The cxtracted
poThon was recrystaflized from acctone and samples sub-
mitted for chemival analysis of beron and nitrogen as well
as for infrared analysis.

Calenbated for Bioll;1{(CH;)3 N3t B, 4574, N, 11.84,
Found: B, 455 N, 12.39.

There are characteristic differences between the infra-
red spectra of dJecaborane, the amine adduct, and the
amino compound.

EXAMPLE I

To 1.2 g. of decaburane (0.01 mole) in 25 ml. of ben-
zene were added 10 ml. of condenscd trimethylamine
while the mixture was maintuned at 0° C. Slight yellow-
ing of the solution occurred as the amine was introduced.
The large amount of precipitate initially formed was con-
verted to a yellowish oil as the eacess amine was added.
The mivture wis then heated and the excess amine .dis-
tilled while the noncondensable gas was measured. .

The net volume of hydrogen cvolved was mcasured 18
228 ml. (204 ml. §.[.P.). There was an ohvious cessa-
tion of gas evolution at a paint W hich corresponded close-
Iy to one mole ol hydrogen per mole of decaboranc.
Evaporation of the solvent left a solid, slightly yellow in
color. weighing 2.3 g., Y6 percent of theoretical.

This product was purified by reerystallizations from
n-hutanol and the identity was confirmed by elemental
analysis.  Comparison of the infrarcd spectra of the puri-
fied and crude materials indicated that the product, as iso-
lated from the reaction mixwure, was nearly pure,

Calculated for BoCellzgNay: B, 45.36; N, 11.75.
Found: B, 45.5, 44.9; N, 12,45, 12.24.

EXAMPLES 111 THROUGH VI

In a manner similar to that descrihcd in Examples I
and 11, decaborance was reacted respectively with dimcthyl-
amine, tricthylamine, piperidine, and 2-chloroethyldi-
methylamine.  The pertinent data are given in Table [
below:

o
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There was a tendency on the part of some of the his:
a.min() compounds to crystailize with solvent of crystalliza-
tion. In the case of the piperidino compound, the mono-
benzenate was isoluted amlb identificd.  The solvent was
cisily removed from the satvated materials by mild heat-
ing under vacuum for a few hours.

The boran containing solid materials produced by prac-
ticing the methads of this invention, can be employed
as ingredients af salid propellant compositions in accord-
ance with general proccdures which arc well understood
in the art, inasmucl as the solids produced are readily
oxidized using conventional solid oxidizers such as am-
monium perchlorate, potassium perchlorate, sodium per-
chlorate and the like. In formulating a solid propellant
composition cmploying onc of the materials produced A
accordancc with the present invention, generally from 10
to 35 parts by weight of boron contaiming material and
from 65 to 90 by weight of oxidizer are present in the
final propellant composition. In the propcllant, the oxi-
dizer and the product of the present process are forinu-
lated in intimate admixture with each other, as by fincly
dividing each of the matcrials separately and thereafter
intimately mixing them. The purpose of doing this, as
the art is well aware, is to provide proper burning charac-
teristics of the final propcllant. In addition to the oxidizcr
and the oxidizable material, the final propellant can also
contain an artificial resin or polymer such as the poly-
urcthane type, the function of the resin beirg to give the
propullant mechanical strength and at the same time im-
prove its burning characteristics. Thus, in manufactur-
ing a suitable propellant, proper proportions of finely di-
vided oxidizer and finely divided boron containing mate-
rial can be adinixed with a high solids content solution
of a resin such as that mentioned previously or a pre-
polymer of the resin, the proportions being such that the
amount of resin is about S to 10 percent by weight bascd
on the weight of oxidizer 2nd boron compound. The in-
gredicnts are thoroughly mixed with the simultancous re-
moval of solvent, and following this the solvent free mix-
ture is molded into the desircd shape, as by extrusion.
Thereafter the resin can be cured by resorting to heating
at moderate tcmperatures. For further information con-
cerning the formulation of solid propcllant compositions,
a reference is made to U.S. Patent 2,622,277 to Bonnell
and U.S. Patent 2,646,596 to Thomas.

We claim:

1. A process for the preparation of solid rcastion prod-
wets of amines and decaboranc which compriscs reacting
from 2 to 20 moles of an aminc sclected {rom the class
consisting of lower alkyl amines, lower monochlorpalkyl-
ainines, morpholine and piperidine per mole of decabo-
ranc with the evolution of hydrogen at a lemperature
above about 75° C. and up to about 150° (G4

2. A pocess for the preparation of solid reaction prod-
ucts of amincs and decaborane which comprises reacting
from 2 to 20 molcs of an aminc selected from the class
consisting of lower alkyl amines, tower monochloroalkyl-

Table 1
BIS-AMINO DECABORANE COMPOUNDS
Analysis Yield, Bolvent of
Pervent Crystal-
Frnmple Corupound M.W. s AMLLD, °C. lizalion
Cale., Fonnd, percent
percent
LI (TN b - emmeeeaenamceeee PR E U oy it i | B 96 | o-Butanol.
Do ] DO N e at0.44.{N 3541 - } 50 Do.
U2 B 110 ({0 B a2z 08.|{ e 350 4 92 | Acctone.
Voo LTI (oR T HEN] A 206.60. { N’ il 95 | Benrenc.
Vio.... o[ CICTLC =N (CHaals ool 335.47. { - } 83.5 | Acetone.
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amines, morpholine and piperidine per mole of deca-
borane with the evolution of about one mole of hydrogen
per mole of decaborane while the reactants are in admix-
ture with u solvent inert with respect to the reactants at a
temperature above about 75° C. and up to about t50° C.

3. The process of claim 2 wherein the amine is tri-
methylamine.

4, The process of claim 2 wherein the amine is dimeth-
ylamine.

5. The process of claim 2 wherein the amine is triethyl-
amine.

6. The process of claim 2 wherein the amine is piper-
idine.

7. The process of cluim 2 