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FOREWORD 

This report was prepared by The  Dow Chemical Company,  Midland, 
Michigan, under USAF Contract Nr.  AF 04(611  -II606.    The contract 
was Initiated under Air Force BPSN Nr.  625148, APSC Project Nr. 
3148.  "LMH-l/Hydrazlne Heterogeneous Propellant Development. 
The work was administered under the direction of the Rocket Pro- 
pulsion Laboratory, Edwards Air Force Base, with Mr. 0.  Allen 
Beale as Air Force Project Officer. 

This is the Final Technical Report, covering the work per- 
formed during the period of 16 May  1966 through 18 October 1960. 
The Dow Report Number Is HZ-1A-68. 

Management direction at Dow was under Mr. T. "o^"'  ^°J-?: 
tory Director,  and the work was supervised by Dr. J. C.  sarransKi, 
Jr.. Laboratory Division Leader.    Dr.  E.  T. Nlles Is the princi- 
pal Investigator with Mr. E. Wilson and Mrs. B. H.  Seaman making 
major contributions. 

Publication of this report does not constitute Air Force ap- 
proval of report's findings or conclusions.    It Is published 
only for the exchange and stimulation of ideas. 

This technical report has been reviewed and is approved for 
publication. 

W. H. Ebelke, Colonel,  USAF 
Chief,  Propellant Division 
Air Force Rocket Propulsion 

Laboratory 
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(U)     ABSTRACT 

(U)     In an Integrated program. The Dow Chemical Company has 
developed a highly promising heterogeneous metallized propellant 
of LMH-l/NalU which Is stable,  storable and has desirable Theolog- 
ical properties.    Chemical stability and physical Integrity, com- 
bined with ease of preparation, make this system especially at- . 
tractive. 

(U)    The thermal stability and gas generation characteristics 
of LMH-l/NalU formulations were studied and one year storability 
data were obtained.    Major advances In LMH-1 technology have pro- 
duced very substantial Improvements In its stability.    However, 
the stability of the best IMH-l has been found to be further en-, 
hanced by propellant grade hydrazine.    These formulations produce 
some initial gassing, followed by a very low gas generation rate. 
Pretreatment of LMH-1 with n-butylamlne at controlled temperature 
and moisture conditions has been found to be effective In preventing 
initial gas generation and in long-term stabilization of LMH-1 in 
hydrazine formulations.    A wide variety of gel and emulsions sys- 
tems was investigated, which led to the selection of polyacrylatnldes 
for the heterogeneous system.    This gelling agent,  in combination 
with '♦OJJ LMH-1 and 60$ hydrazine, produced a thixotropic hetero- 
geneous propellant which exhibited a yield stress and retained 
excellent physical integrity under vibratlonal and gravitational 
forces.    The cohesive propellant developed was found to possess 
engineering properties which are desirable in heterogeneous pro- 
pellents.    Fifty pounds of propellant were prepared and sent to 
the Air Force Rocket Propulsion Laboratory for Air Force ln-house 
performance evaluation. 
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PROGRAM BEftUIREaffiNTS 

(U)    The technical requirements of the program were: 

(C)    Phase I - to develop a heterogeneous aluminum hydride/ 
hydrazine (4o/6o)   system that has a total decomposition (mole per- 
cent hydrogen from aluminum hydride)   less than 0.5^ per year at 
770P   with the desirable rheological properties as follows: 

(i)     Cohesive but non-adhesive. 
(ii)    Yield stress sufficient to withstand ac- 

celeration and vibration tests without 
separation. 

(lii)    The apparent viscosity shall be less 
than 100,000 centipoise at 1 sec-1 and 
500 centipoise at 10,000 sec-1. 

The investigation was to include the following: 

(i)     Compatibility studies. 
(ii)     Gelling and emulsifying agent screening. 

(ill)     Study of heterogeneous system preparation 
parameters including: 

a. Types and concentrations of 
thickening agents. 

b. Aluminum hydride loadings. 
c. Optimum method of preparation, 

(iv)     System characterization including: 
a. Density. 
b. Apparent viscosity. 
c. Yield stress. 

(v)     Recommendation of system. 

(U)    Phase II - upon selection of a heterogeneous system meet- 
ing the requirements of Phase I, work was to be completed in the 
following areas: 

(i)     Complete characterization including: 
a. Plow curve - shear stress vs. 

shear rate. 
b. Density vs. temperature - grams/ 

cc.  at 40°, 60*, 80°,  and 100oF. 
c. Storage stability at 77° and 120oF 

for one year. 
d. Mechanical stability to the following 

requirements: 

-iv- 
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Vibration stability: 

APRPL-TR-68-216 

a. Two hours at 5g peak sinusoidal vibra- 
tion cycled over a range of 50 to 500 
cps. 

b. Ten minutes at 20g peak sinusoidal 
vibration at 500,  1000, and 2000 cps. 

c. Temperatures for each test will be 
40*,    80°,  and 1200F. 

2.    Acceleration stability: 
a. One hour at 20g load . 
b. Ten minutes at 90g load . 
c. Temperatures for each test will be 

778F. 

e. Minimum usable temperature , 

f. Thermal stability from room temperature to 
boiling point. 

(ii)    Propellant supply. 

CONFIDENTIAL 
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SECTION I 

(U)     INTRODUCTION 

(C)     The addition of high-energy solid particles,  such as 
powdered metals and their hydrides, provides a promising method 
of Increasing the performance of storable liquid propellants for 
rocket engines.    This report summarizes a two-year research effort 
which resulted in the development of a heterogeneous aluminum 
hydride/hydrazine (4o/6o)  system gelled with polyacrylamide that 
is stable,  storable,  and has desirable Theological properties. 
In addition, 50 pounds of the liquid heterogeneous propellant 
was furnished to the Air Force Rocket Propulsion Laboratory for 
performance evaluation.    The research was divided into two phases. 
Phase I consisted of the development of a heterogeneous aluminum 
hydride/hydrazine propellant with specific properties, as discus- 
sed through Section III,A,2,b.    Phase II involved the complete 
characterization and determination of one year storabillty data 
on the heterogeneous  system (Section III,A,2,b through III,D,5,c). 

(C)     The term AlHa-l^Sl in this document  refers to a stable 
crystalline  phase of aluminum hydride. 
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SECTION II 

(U)     SUMMARY 

(C)    A two-phase research program was conducted which resulted 
in the development and characterization of a heterogeneous aluminum 
hydride/hydrazine (4o/6o)  propellant.    The most significant prob- 
lems of thermal stability of the neat hydride and compatibility of 
the system components were overcome wMch provided a system that 
is stable and storable,  and has desirable Theological properties. 
In addition,  50 pounds of propellant was prepared and sent to the 
Air Force (AFRPL)   tov evaluation. 

(C)     In Phase I a wide variety of gelling agents and surfac- 
tants were screened which led to the intensive study of four sys- 
tems:    (1) partlculate gels with ammonium polyacrylates,  (11) 
aerylamlde/acryHe ^^ copolymer gels,   (ill)   polyacrylamlde gels, 
and (iv)  emulsions based on oleyl sarcosine.    The system chosen 
for characterization was the polyacrylamlde gel at 0.3% with 
aluminum hydride/hydrazine (4o/6o).    The formulation was found 
to be cohesive,  and the coheslveness could be controlled by the 
amount of crossllnking agent used in the polyacrylamlde.    The 
yield stress was  sufficient to withstand acceleration and vibration 
tests without separation (700-1500 dynes/cm.2).    The apparent vis- 
cosity was less than 100,000 centipoise at 1 sec"    and 500 centi- 
poise at  10,000 sec"1.    The density of the heterogeneous propellant 
closely approaches the theoretical value.    The system had a total 
decomposition of less than 0.55^ per year at 770F    based on aluminum 
hydride present.    The major advances in this respect were the dis- 
covery of the stabilizing effect of hydrazine on aluminum hydride 
and a pretreatment technique utilizing n-butylamine to reduce the 
initial gassing encountered In these systems.    The method of prep- 
aration was also studied and found to be extremely facile with 
the polymeric gelling agents. 

(0)    In Phase II a complete characterization of the selected 
propellant system was accomplished.    The characterization included 
determination of: 

(1) Flow curve 
(ii) Density vs.  temperature 

(ill) Storage stability 
(iv) Mechanical stability (vibration and acceleration) 
(v) Minimum usable temperature 

(vi) Thermal stability 

After one-year's storage,  the total decomposition at 770F    was 
874 cc./lb.  or 0.395^ for the propellant prepared with as-received 
hydrazine,  and 590 cc./lb.  or 0.267^ for the gel prepared with 
distilled hydrazine.    Gassing rate at one-year was 1.5 x 10 3 and 
8.9 x 10"* cc./lb./mln.  of propellant,  respectively.    The gassing 
rate of the propellant with as-received hydrazine was decreasing 
at the end of the test. 

-2- 
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SECTION III 

(U)     TECHNICAL RESULTS AND DISCUSSION 

A.     AGENT SCREENING AND SYSTEM DEVELOPMENT    (U) 

(C)    Research to develop a stable,  storable, heterogeneous 
AlH3-145l/NaH4 propellant with desirable Theological properties 
was conducted in an integrated program to furnish a thickened sys- 
tem and to study the compatibility of the system components.    The 
major requirement for an acceptable propellant was that the de- 
composition rate of the heterogeneous AlH3-l45l/N2H4 (^0/60 weight 
percent)  system had to be less than 0.5^ per year (calculated as 
mole percent hydrogen evolved from A1H3-1451)  when stored at 770F 
The desired rheological properties of the propellant were as 
follows: 

(1)     Cohesive but non-adhesive- 
(ii)    Yield stress sufficient to withstand acceleration 

and vibration tests without separation, 
(iii)    Apparent viscosity less than 100,000 centipoise 

at 1 secT1 and 500 centipoise at 10,000 sec"1. 

(C) Two types of thlxotropic systems were investigated: gel 
and emulsion. Polymeric gelling agents were screened with hydra- 
zlne to study the effect of the combination of functionality, 
molecular weight and degree of crosslinking to produce an optimum, 
cohesive gel. Emulsifying agents were screened to determine sys- 
tems which would produce water in oil (W/O) type emulsions and be 
stable with AlHa-l^Sl. 

(U)    Three gelled and one emulsion systems were selected from 
the screening program as prime candidates for the propellant.    The 
gelling agents were polyacrylamides,  acrylic acld-acrylamide co- 
polymers and ammonium polyacrylates.    The emulsifier was a hydra- 
zine derivative of oleyl sarcoslne with decane as the external 
phase.    After more comprehensive studies of the rheological proper- 
ties and physical integrity of the candidate systems.    The gelled 
propellant prepared with polyacrylamlde was chosen for development 
and characterization. 

1.     Gels    (U) 

(U)    A variety of gelling agents which produce cohesive water 
gels was evaluated during the screening program to determine if 
0.5 to 1.0% mixtures of the agent with hydrazlne were cohesive, 
non-adhesive,  viscous,   shear-thinning and compatible (see Appendix 
A.l).    A group of commercial and experimental agents was empha- 
sized, in particular polyacrylamides,  acrylic acid-acrylamide 
copolymers and ammonium polyacrylates.    Each of the three gelling 
agent types listed produced gels with adequate physical properties, 
but the polyacrylamlde was the least sensitive to atmospheric ex- 
posure.    Thus,   as a result of close  coordination between research 
teams, a polyacrylamlde gelling agent was tailor-made to give op- 
timum cohesive properties to the heterogeneous gels. 

-5- 
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a. Polyacrylamides (u) 

(U) The best hydrazine gel properties were produced by poly- 
acrylamlde gelling agents with extremely high molecular weight, 
low crosslink density and low degree of hydrolysis. Slight changes 
in the amount of crosslinking agent (a few parts per million), the 
molecular weight and the degree of hydrolysis in the gelling agent 
influence the rheology of the heterogeneous system. With polymers 
in the 10-20 million molecular weight range, the gel structure can 
accommodate large volumes of hydrazine to produce an adhesive gel. 
However, as the number of crosslinks is increased, the capacity of 
the gel is decreased and the gel becomes more cohesive. 

(U) When it was discovered that slight variations in cross- 
link density changed the adhesive-cohesive properties, ä series of 
polyacrylamides with different amounts of crosslinking agent was 
prepared. The polymers and the cohesion of their hydrazine gels 
are evaluated in Table I. The gel with the uncrosslinked poly- 
acrylamlde was very adhesive; however, a polymer with a low level 
of crosslinking agent formed a cohesive gel. As a result of those 
experiments, polyacrylamide gelling agents similar to ST-475-10- 
153B were selected for further study. 

Table I 

(U) Polyacrylamide GellinR Apent Analysis 

Agenl u 
Cross- 
linker 

0 

Xa 

2X 

5X 

Cohesion 

ST-475- 

ST-r475- 
ST-475. 

ST-475- 

■10- 
•10- 

•10- 

■10- 

-135F 
-133A 

-133B 

•133C 

Adhesive 

Good 

Good 

Adhesive 

ST-475- ■10- •133D 10X Poor 

ST-475- ■10- •133E 15X Poor 

aThe lowest Initial concentration of the 
crosslinking agent is represented by the 
symbol X. 

(U) Polyacrylamides can be prepared with varying degrees of 
hydrolysis, i.e., some of the -C-NHa groups are hydrolyzed to 

° 0 
-C-0H.  Early in the program a low degree of hydrolysis was found 
desirable, and the majority of the work was conducted with poly- 
acrylamides which were about 0.05^ hydrolyzed.  It is known that 
water gels prepared with polyacrylamides can break down somewhat 
under slightly acidic conditionsj they are stabilized under basic 
conditions. Thus, hydrazine should afford a stabilizing medium for 
polyacrylamides, which indeed has been observed in this research 
effort. 
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b.    Acrylic Acld-Acrylamlde Copolymers    (u) 

(U)     Screening data showed that polymer structure of the 
acrylic acld-acrylamlde copolymers controlled the gel properties 
In much the same manner as was described for the polyacrylamide 
gelling agents.    In one series of agents that was screened, the 
amide/acid ratio was varied and no crosslinking agents had been 
added.    The results of the screening tests with hydrazlne are 
listed in Table II,  ST-475-6-110 series.    Gels did not form with 
hydrazlne until the amide/acid ratio in the copolymer exceeded 
1.0, which indicated that a low degree of acid function was 
necessary for optimum gels.    In the second group listed in Table 
II,  ST-475-9-38 series, the ratio of amide/acid was held at 1.5 
and the amount of crosslinking agent was increased incrementally. 
The least crosslinking produced the most promising gels.    Thus, 
a new series of agents Ac rylamide/acrylic acid copolymers (60:40) 
was prepared.    The amount of crosslinking agent was varied at a 
low percentage range to produce the series of gelling agents pre- 
sented in Table III.    The table Includes the initial gelled hy- 
drazlne screening results.    These data Illustrate,  once again, 
that the amount of crosslinking agent is critical to the over-all 
physical properties of the gel.    As the amount of crosslinking 
agent is increased,  the resulting gel becomes more cohesive and 
exhibits greater stability. 

(C)    The screening experiments were repeated with the addition 
of k0$ AlHa-l^Sl to the mixes.     Three of the agents,   ST-^TS-lO-^Sc, 
ST-475-10-48D and ST-475-10-48E,  maintained their cohesive proper- 
ties although the mixes were dry and stiff.    When the agent con- 
centration was lowered to 0.5^, the gel thinned only slightly. 
However,  the particles of gelled hydrazlne adhered to each other 
and did not uniformly coat or provide a matrix for the hetero- 
geneous phase,  i.e.   the AIH3-I45I was excluded from the gel phase. 
The gelled hydrazlne formed into large,  clear particles.    Gel 
texture was found to be a function of the initial particle size of 
the gelling agent.     The copolymer,  ST-475-10-48C, was sized and 
heterogeneous gels were prepared.    The gelling agent fraction 
below ISOi with 0.42^ agent produced a smooth gel with the A1H3-1451 
Included in the gel mixture, which could be easily extruded through 
a Nr.  15 hypodermic needle.    The yield point of this mixture was 
found to be about 615 dynes/cm.2.    A similar mixture with 0.21^ 
gelling agent yielded at 560 dynes/cm.2.    A density of 1.15 g./cc. 
was measured for these mixtures with 4c$ AIH3-1451.    A heterogeneous 
gel with A1H3-1451,  Lot Nr.  0B126, was stable during storage at 
ambient temperature for 57 days before slight syneresis was observed. 

c.    Polyacrylates    (u) 

(U)    Sodium and ammonium salts of extremely high molecular 
weight polyacrylic acids were supplied for this program by the 
Texas Division of The Dow Chemical Company.    The ammonium poly- 
acrylates are in a bead form which.  In the presence of hydrazlne, 
swells to a cohesive, "fish egg" mass that does not adhere to the 
sides of the container and is shear thinning.    The sodium poly- 
acrylates,  also in bead fom,  do not gel hydrazlne. 
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Table III 

Screening Result s for Ac rylamlde/Acryllc Acid Copolymers    (u) 

Copolymer 
Agent 

Agent              Added 
Concentration    Cross- 

%                linker 

Gel 
Characteris- 

tics 

Stability, 
24 hrs,  at 

550C. 

ST-475-10-48F 0.5 0 Adhesive Thinner 

ST-^S-IO-^SA 0.5 Xa SI.  adhesive Broken 

ST-475-10-48B 0.5 2X SI.  adhesive Broken 
ST-475-10-48C 0.5 5X Cohesive SI.  thinner 
ST-475-10-48D 0.5 10X Cohesive No change 

ST-475-10-48E 0.5 15X Cohesive No change 

^lli represents the initial concentration of the crosslinking agent. 

(U)    Several series of ammonium polyacrylates were screened to 
determine the optimum gelling agent structure,  i.e.  combination of 
molecular waight and amount of crosslinking agent,  since slight 
changes in these structural variables affect the hydrazlne capa- 
city of the gelling agent,  the adhesive-cohesive properties of the 
gel and the rheology of the heterogeneous system.    These properties 
are actually related to crosslink density; however,  since molecu- 
lar weight of the ammonium polyacryletes cannot be determined, the 
crosslink density cannot be calculated,    A qualitative evaluation 
of the molecular weights can be made by comparison of the hydra- 
zlne gel capacity (g.  of hydrazine/g. of agent)  and the amount of 
crosslinking agent.    The gel capacities of three series of poly- 
acrylates are presented in Table IV.    Series A and B are higher 
molecular weight polymers than Series C.    The gel capacity de- 
creases within each series with increased crosslinking agent. 

(C)     Series A and B produced "dry" heterogeneous gel mixes 
with 40^ A1H3-1451 and 0.^2$ gelling agent,  because of the ex- 
tremely high gel capacities.    The C series of polymers produced 
heterogeneous gels with good properties,  but gels prepared from 
the higher crosslinked members were subject to  syneresis. 

. 1(C)     Small samples (50 g.)  of heterogeneous propellants con- 
ta,i!hing A1H3-1451 (Lot No.  08126)/hydrazlne (as  received) 40:6o, 
we're prepared to compare the properties of selected ammonium 
polyacrylates. ' 

(C)    The heterogeneous propellants were prepared by first 
combining Ime A1H3-1451 and hydrazlne,  and stirring for about 5 
minutes to-wet the hydride.     Next,  the agent was added and the 
mixture was stirred until It gelled.    The hydride. Lot Nr, 08126, 
was; off-grade hydride (less than 12 days to 1% decomposition at 
60°C )  which had been washed twice with hydrazlne and dried under 
vacuum.  < 
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Table IV 

Hydrazlne Gel Capacities of Ammonium : Polyacrylates    (U) 

Series 

Polyacrylate 
Agent 
Tex-B 

Concent ration 
of Crosslinker 

2Xa 

£: 
Gel Capacity,; 

NaH+Zg.   agent 

A 1008.20 1280 
1008.21 kx 1016 

1008.22 6X IO60 

1008.23 BX 500 

B 1008.24 X 1100 

1008.25 5X 1088 

1008.26 4X 550 

1008.27 5X 550 

C 1008.15 4X Soluble 

1008.16 6X 431    . 

1008.17 8X 493 
1008.18 10X 373 
1008.19 12X 251 

** represents 3 the initial concentration of the crosslinking agent 

(U)    The preparation characteristics and properties of the 
ammonium polyacrylate heterogeneous propellants are presented in 
Table V.    The best over-all properties were obtained with Tex-B 
1008.15.    In general, the heterogeneous gels prepared with am- 
monium polyacrylates have a short shelf life; between 16 and 22 
days after preparation the Tex-B 1008.15 gels break.    The  shelf 
life varies from lot to lot of hydride, which indicates that 
slight changes in purity of surface characteristics of the hy- 
dride affect the long-term physical properties of the gel.    Ions   •. 
carried along with the hydride most likely affect the gel struc- 
ture.    Thus, hydride type and pretreatment is extremely Important 
with the ammonium polyacrylate gels. 

d.    Gelling Agent Screening Parameters    (U) 

(U)    During the screening program several properties were 
compared for the most promising gelling agents and two established 
gel systems, powdered aluminum with Carbopol 9^0 and with the com- 
bination of carboxymethyl cellulose  (4)/agar-agar (l).     The param- 
eters    for each gelling agent system are listed in Table VI.    A 
discussion of the parameters follows. 
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(U)     1.    Cohesion - Special attention was paid to the cohesive- 

adhesive properties of the gels during screening,  since a cohesive, 
non-adhesive gel Is needed to avoid excessive hold-up on container 
walls during propellant handling.    The gels were evaluated for tend- 
ency to  stick to both the glass container walls and a metal spatula. 
The candidate gels were all adequately cohesive. 

(U)     2.    Physical Integrity - Gels were observed for syneresls 
and periodically tested for yield stress during storage at 250C 
and at 6o0C.    Gels with polyacrylamide were superior in shelf-life 
tests with very little physical changes during storage. 

(C)     3.    Acceleration Stability - Ten-gram gel samples were 
centrifuged for lo minutes with löO g    acceleration at 770F.    The 
samples were inspected visually for separation of liquid,  clear 
gel or solid AlHs-l^Sl.    All of the gel systems passed this test 
adequately with the polyacrylamide again considered superior. 

(U)     4.    Sensitivity to Atmosphere - Brief exposure to air was 
detrimental to all of the gels except the polyacrylamide system, 
which experienced contact with atmospheric conditions for 5-6 
houvb with no evidence of syneresls or other detrimental effects. 

(C)    ^j.    Gel Time  - The time required to gel the hydrazlne suf- 
ficiently to "süipencFt he solid AlHa-l'+Sl in the gel matrix was ob- 
serv. d.     All the candidate gels thickened within minutes after the 

-hy^'azj-ne and gelling agent were combined.    The polyacrylamide 
gelled somewhat slower than the ammonium polyacrylates and the 
acrylic acld-acrylamlde copolymers and was thus considered the 
most workable system for preparing a uniform gel in a reasonable 
length of time. 

(C)     6.    Density - The density of the gel systems was measured 
at 250C    with an air comparison pycnometer.    All the systems were 
near the theoretical value of 1.16 g./cc.  with the polyacrylamides 
approaching most closely. 

(C)    7.    Yield Stress - The yield stress of the gels was mea- 
sured with a capillary yield stress apparatus which is described 
in Appendix C.    The yield stress of the gels could be controlled 
by the amount of gelling agent present and was adequate to suspend 
the solid A1H3-1451 in all cases. 

(U)     8.    Other Observations - Three empirical tests that are 
not listed in Table VI were performed in early screening work to 
evaluate gels.    The shear thinning properties of gel systems were 
estimated by passing a metal spatula through the gel mass and 
observing the ease of shear.     Shear thinning was also estimated 
by extruding the gel through a Nr.  15 syringe needle and noting 
ease of shear, and cohesiveness.    Yield stress was estimated 
roughly by the tendency of the gel to flow or remain stationary 
under the force of gravity. 
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(u) In the majority of the tests the three gel system candidates 
were adequate, but the polyacrylamide gels were superior in most 
cases. 

2. Emulsions (U) 

(C)    High internal phase emulsions tend to exhibit thixotropic 
rheology.    Such emulsions with solid loading were investigated in 
the development of a heterogeneous propellant system of hydrazine 
with aluminum hydride.    Decane was chosen as the external phase of 
the emulsion in the initial screening  of a wide variety of commer- 
cially available emulsifying agents.    Later development work in- 
cluded fuel oil,  kerosene, and Jet fuel as the external phase.    A 
new emulslfier,  OSH,  was developed which produces emulsions of 
anhydrous hydrazine and decane loaded with AlHa-l^Sl that are 
stable at room temperature.    The emulsions have the desired rheol- 
ogy and are chemically compatible, but are adhesive and sensitive 
to temperature cycling. 

a.    High Internal Phase Emulsions    (u) 

(U)    The more common emulsion systems consist of an oil-like 
material as the disperse internal phase and water as the continuous 
external phase held in that configuration by an emulslfier.    The 
oil is present as spherical droplets of varying size.     This de- 
scription holds for the classical emulsions in which the disperse 
internal phase is 20-70^ by volume and the continuous external 
phase is the corresponding 80-30$.     The physical properties of 
such an emulsion are largely determined by the external phase. 

(U)    As the internal phase approaches and becomes greater than 
74$ by volume,  the geometry of the system causes pronounced ef- 
fects on physical properties and stability of the emulsion (see 
Figure l).    The internal phase droplets have room for random 
motion when the internal phase is below 74$j however,  at 7k% in- 
ternal phase,  the droplets become close packed spheres,  each of 
which contacts 12 other spheres which restricts movement somewhat. 
Any increase of internal phase over Jkfi changes the emulsion markedly. 
The droplets flatten at their points of contact and approximate 
dodecahedrons as the internal phase increases.    The polyhedron 
configuration restricts movement and the viscosity increases 
sharply.     Considerable energy is required to create the greater 
surface area.    At or near 74$ internal phase, the emulsion tends 
to break into two separate liquid phases or invert to the opposite 
type of emulsion to give 26% internal phase and 74$ external phase, 
unless a surfactant stabilizes the emulsion sufficiently to pre- 
vent separation of phases.    With emulsions of high percentage 
internal phase,  the choice of emulsifying agent and mixing condi- 
tions becomes critical,  if a stable emulsion is desired. 

(C)    In contrast to the more common oil in water (0/w)  emul- 
sions, the target for this contract was a water in oil (W/O)  type 
emulsion which approached the extreme conditions of the close 
packed dodecahedron arrangement with the internal phase approximately 
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90^ by volume.    For screening purposes,   the total heterogeneous 
propellant formulation was composed of a W/0 emulsion of anhydrous 
hydrazlne as the Internal  "water,,phase and decane as the external 
"oil" phase with a solid loading of AIH3-1451. 

<74% 74% 

(U)    Pig.  1 - Schematic Representation of Emulsion 
Appearance under Microscope for Given Internal 

Phase Percentages as Noted 

b.    Screening Program    (U) 

(U)    The inherent characteristics of each emulsion system 
place specific requirements on the choice of emulsifying agents 
for the system.    For the hydrazine-decane combination,  the 
specifications become especially stringent.   (See Appendix A.II.  for a 
list of emulsifying agents screened during the program.) 

(1.)     W/0 Emulsions    (U) 

(U)     Initial screening of 72 selected surfactants was begun by 
experimentally estimating the hydrophile-lipophile balance,  HLB. 
The HLB values act as a measure of the balance between the attrac- 
tion for water or for oil of the various functional groups  in the 
surface active agent.    The suitability of an agent for a specific 
application can be determined with HLB numbers.    Table VII shows 
that the HLB range of suitable agents which produce aqueous W/0 
emulsions is much more limited than for aqueous 0/W emulsions. 
Hydrazlne emulsions would be expected to have a similarly narrow 
HLB range for W/0 type emulsions. 

Table VII 

(U)    HLB Ranges and Their Application 

Range Application 
3-6 W/0 emulsifler 
7-8 Wetting agent 
8-18 0/W emulsifler 

15-15 Detergent 
15-18 Solubilizer 
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(U)     Agents were selected for screening chiefly on the basis 
of their known solubility In kerosene or oil.    Of the J2 chosen 
for screening,  only 21 tested In the 3-6 HLB range. 

(U) The method of estimating HLB range was that described by 
Becher (l) (Table VIII). Methods to calculate HLB are known, but 
were Impractical In this work. 

Table VIII 

(U)     Approximation of HLB by Water Solubility 

 Behavior When Added To Water  HLB Range 
No dlsperslblllty in water 1-t 
Poor dispersion 3-6 
Milky dispersions after vigorous agitation 6-8 
Stable milky dispersion  (upper end almost 

translucent) 8-10 
Prom translucent to clear dispersion 10-13 
Clear solution 13+ 

(U)     Since appropriate HLB range did not guarantee  that the 
material would be soluble enough In anhydrous hydrazlne or decane 
to form an emulsion, It was  not surprising that several of the 21 
promising surfactants proved  to be unsultatle.    About  15 agents 
remained candidates for the system after screening by HLB and 
solubility In N2H4 or decane  (see Appendix A.II.). 

(2.)    Emulsion Stability    (U) 

(U)     Possible emulsion stability was checked roughly by an 
empirical test to determine  the spreading coefficient,   S, between 
anhydrous NaH4 and decane solutions of various agents.    The spread- 
ing coefficient can be calculated in some cases, but, again, 
calculations were Impractical for this application.    Candidates 
for the most stable emulsion formation were determined experimen- 
tally by observing the tendency of one liquid to  spread on the 
surface of another. 

(U)     If a drop of hydrazlne spreads on the surface of a decane 
solution of emulslfier,  S is positive and emulsion stability would 
be very poor.     If the hydrazlne droplet forms a  spherical bead on 
the surface of the decane solution,  S Is zero or negative and a 
stable emulsion is possible.    0/W emulsions are most stable when 
S is slightly negative.    For W/O emulsions the most stable condi- 
tions are met with the most negative coefficient possible that is 
still consistent with a low interfaclal tension.    This condition 
can be observed when several beads of hydrazlne are suspended on 
the surface of an emulslfier solution in contact with each other, 
but show no tendency to coalesce.    With that specific emulslfier, 
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.»an emulsion droplet of hydrazlne could migrate to the durface of 
the emulsion and remain a spherical droplet,  rather than spread 
on the surface and promote separation of the liquid phases. 

(C)    In several cases during the screening program,  observa- 
tion of spreading phenomenon was masked by NglU fumes or by a 
solid reaction product between NaH4 and the emulsifier.    For the 
several agents with negative spreading coefficients,the HLB range 
indicated that emulsifiers in the HLB range of 5-4 could form 
stable emulsions with the anhydrous NalU-decane system.     In the 
screening program the emulsifier with the most negative coeffici- 
ent indeed produced a stable emulsion. 

(5.)   Anhydrous Conditions    (u; 

(U)    Emulsions containing anhydrous NaH* present  special 
problems that are seldom encountered with aqueous emulsions. 
Most evaluations of emulsifiers are based on their behavior with 
water.    Since hydrazlne is a non-aqueous  solvent,  assumptions 
based on analogies to water can be misleading.    Many surfactants 
are commonly used with water,   and complete drying is unnecessary 
for ordinary use.     Indeed,  some products can contain as much as 
50^ water.    Also,  because of their hygroscopic nature,   some agents 
are difficult to keep anhydrous.    Since water in the complete 
system must be limited to 1^ or less,  the water content of any 
promising emulsifiers must be  carefully controlled. 

(U)    A series of four Hodag C-100 amines was investigated. 
The oleic,   laurlc,   stearic and talllc derivatives formed emul- 
sions with anhydrous hydrazlne and decane.     In the as-received 
condition,  the stability of the emulsions was in decreasing order 
of the emulsifiers as named.    All of the emulsifiers lost about 
10^ volatlles when dried.    The dried materials produced emulsions 
of limited stability with undistllled hydrazlne (water content 
0.8^).    With distilled hydrazlne the dried surfactants either 
formed no emulsion or an emulsion that separated in a few minutes. 
The undried emulsifiers accelerated the decomposition of hydrazlne, 
as observed by gas formation in aged homogeneous emulsions. 

(U)    Since the water in the imidazoline derivatives was in- 
compatible with as-received hydrazlne,  and because drying ap- 
parently altered the  spreading coefficient and/or HLB of the 
emulsifiers,  the Hodag C-100 amines were unsuitable for storable 
hydrazlne emulsions. 

(4.)   Reactivity    (u) 

(U) The chemical reactivity of anhydrous N2H4 is again very 
different from that of water. Hydrazlne acts as a strong reduc- 
ing agent, can undergo reaction with other compounds, and can be 
neutralized as a base to form salts. 
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(U)  The chemical reactivity Is Illustrated graphically In 

the case of organic esters which can produce W/o emulsions of 
N2H4. In the presence of esters, N2H4 and decane readily form 
W/0 emulsions. However, the emulsions break after brief aging, 
because hydrazine forms an insoluble hydrazlde and destroys the 
emulsifying agent, as shown by the following equation: 

0 0 

R-C-OR' + NHaHHa ■*  R-C-NHNHai + R'OH 

(U)  Insoluble hydrazldes were recovered from hydrazlne/dec- 
ane emulsions that contained esters as emulsifying agents. The 
reaction products were identified by infrared analysis. A car- 
bonyl shift from 5.75^ to 6.1-6.5n indicated loss of the organic 
ester and formation of the hydrazlde. 

(U)  Several other surfactants were incompatible with hy- 
drazine, but not all of the reactions were fully characterized. 
Sulfonates apparently reacted with hydrazine and produced in- 
soluble products. One amine (polyoxyethylene oleylamine) formed 
a good W/0 emulsion, but the mixture gassed as it aged, which 
could have been IfelU decomposition, if the amine emulsifler was 
contaminated with trace amounts of heavy metals. However, all 
surfactant reactivity was not detrimental. An organic acid 
surfactant (Sarkosyl 0, oleyl sarcoslne) reacted with hydrazine 
to form an unique emulsifler for the hydrazlne/decane system 
which is discussed in Section III,A.2.d,). 

c. Other Emulsifiers (u) 

(U)  Twelve samples of emulsifiers were obtained from AFRPL. 
The surfactants were screened for ability to emulsify anhydrous 
hydrazine with decane. The screening results are listed in Ap- 
pendix B. 

(U)  Solubilities of the samples in water, hydrazine and dec- 
ane were checked, and the HLB values and spreading coefficients 
were estimated. The majority of the materials appeared to be or- 
ganic esters as indicated by infrared spectra. Previous experience 
with organic esters has Indicated that these materials can de- 
compose in the presence of anhydrous hydrazine with subsequent 
loss of emulsion stability. 

(C) H-4426A and H-4564 formed very viscous emulsions of 
hydrazine and decane which thinned upon aging. The homogeneous 
emulsions were prepared with 2.5^ emulsifying agent, 5.8% decane 
and 91.7^ anhydrous hydrazine. The hydrazine was added incre- 
mentally to the decane-emulslfier solution. Because of the 
difficulty of mixing the last few Increments of hydrazine, emul- 
sions of the composition appeared to be at the limit of internal 
phase capacity. Upon standing, the emulsion exuded hydrazine. 
The presence of excess hydrazine prevented adhesion to the con- 
tainer, but also seemed to promote coalescence of the emulsion 
droplets and thinning of the emulsion. When AIH3-1451 was added 
to the homogeneous emulsions, the mixture became adhesive. 
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(U) Fuel oil was used as the external phase with H-4426A to 
produce a waxy, extremely viscous emulsion. The Internal phase 
capacity was considerably reduced and about one quarter of the 
hydrazlne remained unmixed. Upon aging, the consistency changed 
radically.  The excess hydrazlne was taken Into the emulsion 
which was very thin. 

(U)  The surfactant samples lose about 8-11^ of their original 
weight upon drying In yacuo .  The emulsifying properties do not 
appear to ba altered but the compatibility with hydrazlne Is In- 
creased as observed by reduced gas evolution In the aged emulsions. 

(U) Since the consistency of hydrazlne emulsions with these 
emulslflers apparently changes upon aging, their value as refer- 
ence standards Is In question. Freshly mixed emulsions possibly 
could be used to obtain relative values for physical property 
measurements to compare with the work of others on heterogeneous 
emulsions. 

d. Emulsion Development (U) 

(G) Emulsion development was concentrated upon hydrazlne 
decane emulsions prepared with a reaction product of oleyl sarco- 
slne and hydrazlne, which will be referred to as OSH emulslfier. 
Attempted characterization of OSH emulslfier only partially 
Identified the structure of the material, but did not prevent 
optimization of the emulsion system. Emulsions with and without 
A1H3-1451 were prepared and evaluated by a series of tests. The 
optimum heterogeneous system with AIH3-1451 was acceptable on 
all points, except temperature cycling sensitivity and adhesive- 
ness, which eliminated all emulsions as candidates for the sys- 
tems of choice for scale-up and characterization. 

(1.) OSH Emulslfier (u) 

(C)  Oleyl sarcoslne (Sarkosyl 0 from Glegy Industrial Chemi- 
cals) in the as-received condition does not form a w/o emulsion 
of hydrazlne and decane, but, after sufficient contact with 
hydrazlne to allow reaction, the OSH emulslfier which forms Is an 
excellent emulslfier for hydrazlne with a range of hydrocarbons. 
The OSH emulslfier preparation was studied and the emulslfier was 
partially characterized. 

(a.)   Preparat ion (u) 

(C) The oleyl sarcoslne is reacted with an excess of N2H4 as 
a solvent, preferably with 10 or more parts by weight of N2H4 to 
one part of oleyl sarcoslne.  The preferred amounts are 55 parts 
N2H4 to one part oleyl sarcoslne, to which decane can then be 
added directly after the reaction to form the emulsion.  The reac- 
tion and all handling of chemicals are under a dry, inert atmos- 
phere such as nitrogen or argon.  The N2H4 solution of the OSH 
emulslfier is considerably more viscous when the reaction is com- 
pleted than the original solution of reactants. 
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(U)    The rate at which the OSH emulsifler is formed depends 
on the temperature at which the reactants are held.    At ambient 
temperature, the emulsifier is fomed in 7 to 10 days, but at 
550C    18 hours is a sufficient reaction time.    At 8o0C   the emul- 
sifler is formed in about 5.5 hours.    The favored reaction condi- 
tions are 18 hours at 550C    because of reproducibility. 

(b.) Attempta to Characterize    (U) 

(C)    The OSH emulsifier was isolated from the N2H4 solution 
as, a colorless waxy solid, which would emulsify the appropriate 
percentages of N2H4 and decane to a W/0 emulsion identical to 
emulsions prepared with original NalU solutions of the OSH    emul- 
sifier.    The wax was analyzed by various means,  but the results 
were inconclusive. 

(U)    Hydrazlne and oleyl sarcosine would be expected to react 
in two steps:    (l)  an immediate acid-base reaction tofbrm an 
Ionic hydrazinium salt, followed by (2)  the slower conversion to 
the hydrazlde with the elimination of a molecule of water. 

0 CHa 0 CH3 
"   ' "iam 

Ci7HasC-N-CHaC00H + NgH*  > CirHsaC-N-CHaCOOnfeHs (l) 
i 
0 CH3    0 

GiTHaaC-N-CHaC-NHNHa + HaO (2) 

(u) The observed time and temperature dependence in the OSH 
emulsifier preparation is consistent with Equations (1) and (2). 
However, elemental analysis of the vex  is somewhat ambiguous 
(see Table IX), since the empirical formula CaiH+sNaOa can repre- 
sent both the hydrazinium salt and the hydrated hydrazlde. The 
wax that was analyzed dried with difficulty and very possibly 
water could have been retained, even after several days under 
vacuum at ambient temperature. Infrared, nuclear magnetic 
resonance and mass spectrometry did not completely identify the 
OSH emulsifier. 

(u) 
Table IX 

Elemental Analysis of OSH Emulsifier 

Found 

Element 

C 
H 
N 
0 

Calculated for                   By 
CaiH43N303,   %            Combuation,   % 

65.41                             65.2 
11.24                               11.2 
10.90                               10.5 
12.4^                              2ZJ. 

100.00                             99.6 

By Neutron 
Activation, % 

13.0 ± 0.4 
12.9 ± 0.6 
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(2.) Homogeneous Hydrazlne/n-Decane Emulsions    (u) 

(U)    To prepare a homogeneous w/0 emulsion of NalU and decane 
with the OSH emulslfler,   decane (2.5-6.0^ by weight)   is added to 
a NsH4 solution of the OSH emulslfler.    The mixture emulsifies 
spontaneously to a thin o/W type emulsion, which then Inverts 
to the thick, more stable W/0 type emulsion after a few minutes   ' 
of gentle shaking. 

(U)    The least amount of OSH emulslfler that could form the 
W/0 N2H4/decane emulsion was determined in a series of emulsion 
preparations.    The concentration of OSH emulslfler was varied 
over the range of 0.2-5.5^ In the study.     The least amount of OSH 
emulslfler that produced a homogeneous emulsion was 0A2$ and the 
emulslfler was stable at  ambient temperature for four weeks before 
syneresls began.    However,  emulsions with 4^ OSH emulslfler were 
stored for greater than 6 months at ambient temperature with no 
evidence of syneresls.    Equivalent emulsions were heated to 550C 
for three hours with no phase separation. 

(3.)  Heterogeneous Hydrazine/Hydrocarbon Emulsions    (u) 

(C)    In this report,   the term "heterogeneous emulsion" means 
an emulsion in which a solid phase is dispersed.    Heterogeneous 
emulsions of Na^/decane with the OSH emulslfler can be prepared 
very simply by adding a solid metal or metal hydride to the homo- 
geneous emulsion and mixing. 

(C)    The heterogeneous emulsions were optimized to obtain the 
best properties for the hydrazine/decane system with A1H3-1451 
as the solid additive.    Variations of the external hydrocarbon 
phase and the solid additive were explored. 

(C)    Ingredients of the heterogeneous emulsions can be com- 
bined in any order without  significantly changing the physical 
properties of the finished emulsion.    The Ingredients can even 
be combined before the hydrazine-oleyl sarcoslne reaction with- 
out detrimental effects.     However, if A1H3-1451 is present during 
the  reaction of the OSH emulslfler, the temperature should be 
kept at 60°C    or lower. 

(a.)  With Decane    (u) 

(C) The physcial properties of heterogeneous emulsions were 
studied for various concentrations of the OSH emulslfler and 
decane, the external phase. The AlHa-l^Sl/NaH^ ratio was main- 
tained at approximately 40:6o. 

(U) Long-term physical integrity of the emulsions decreases 
at very low concentrations of emulslfler and external phase. As 
would be expected, the amount of emulslfler and external phase 
can be reduced to a point below which an emulsion cannot be formed. 
The lower limits that can produce an emulsion appear to be 0.2-0.3^ 
OSH emulslfler and 0.7-1.0^ decane. Samples with 0.5-1.0$ OSH 
emulslfler were observed at ambient temperature for more than 6 
months with no evident change. 
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(U)    The yield stress of heterogeneous OSH emulsions varies 
inversely with emulsifier and external phase concentrations.    As 
illustrated by the data presented in Figure 2, if the amount of 
external phase is increased from the lower workable limit for 
emulsion stability,  the yield stress decreases from approximately 
2000 dynes/cm.8 to a range of 700-800 dynes/cm.2 for concentrations 
of emulsifier above OAfi.    The highly stressed state of the emul- 
sion at low emulsifier and external phase concentrations apparently 
restricts the movement of emulsion droplets and increases the 
stress required to cause flow.    With more external phase, the stress 
within the emulsion is relieved slightly and the yield stress de- 
creases. 

(C)    The percentage of decane in heterogeneous Nal^ emulsions 
with OSH emulsifier was varied and all other components were held 
constant.    The emulsions showed a decrease in yield stress with 
increased amounts of decane.    The emulsions contained AIH3-1451/ 
NaH* in a 40:60 ratio,  0.5^ OSH emulsifier and decane in the  range 
of 0.5-5.0^ based on the total mixture.    Initial formation of the 
emulsion required the most agitation for the lowest percentage of 
decane.    The heterogeneous emulsions were also stiffest with the 
lowest percentages of decane, as shown by the yield stress values 
in Table X and Figure 5.    The storage stability during more than 
eight weeks was good with all the emulsions, but was best with 
the greater amounts of decane.    Adhesiveness increased with in- 
creased amounts of decane. 

Table X 

Amount of Decane vs. Yield Stress in Heterogeneous 
Hyarazine Emulsions with ÖSH Emulsifier (IT) 

n-Decane Yield Stress, 
dynes/cm.2 

0.50 >2500 

0.75 >2500 
1.00 >2500 

1.25 2560 
1.50 2285 
2.0 15^0 

2.5 1390 
3.0 1110 

(C)    As a result of these studies the system that was chosen 
as optimum contained 0.5^ OSH emulsifier,   1.75^ decane and the 
balance of ingredients were AlHs-l^l/NaH* in a 4o:6o ratio. 
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(C)    Since the physical properties of emulsions varied when 

different lots of AlH^-1451 were formulated in the emulsions,  a 
heterogeneous emulsion was prepared with small size AIH3-1451 
crystals to determine the effect of crystal size on physical 
properties.    A sample of 10-20 n hydride was used instead of the 
usual 80-150 u material.    The emulsion contained 1.7521 n-decane, 
0.5^ OSH emulsifier and the usual 4o:6o ratio of AUk-^Sl/NaH*. 
The yield stress of the emulsion was considerably higher (>2j575 
dynes/cm.a)  than for a standard emulsion of the same composition 
with 80-150 ii crystals.     The emulsion was slightly more cohesive 
than the standard emulsion,  but not cohesive enough to overcome 
the adhesiveness of the emulsion systems. 

(b.)  With Other Hydrocarbons    (U) 

(C)    Jet fuel was used in place of n-decane as the external 
phase in a heterogeneous emulsion which contained AlH3-l45l/NaH4 
in a 40:60 ratio,  0.6^ OSH emulsifier and 2.15^ Jet fuel.    The 
translucent ¥/0 emulsion formed easily,  and was very stiff.    The 
yield stress  (2250 dynes/cm.a)  was considerably greater than an 
emulsion of similar composition with n-decane (~800 dynes/cm.a). 
The yield stress did not change significantly during two weeks 
storage at ambient temperature, and storage  stability appeared to 
be good.    Probably higher concentrations of external phase In 
emulsions made with Jet fuel would lower the yield stress to 
values equivalent to the emulsions with decane. 

(U)    In other external phase variations,  a Number 1 fuel oil 
and benzene were the external phase for heterogeneous emulsions 
of N2H4 with the OSH emulsifier.    The fuel oil formed a stable 
emulsion but contained contaminants that were Incompatible with 
the NaH4.    The emulsion gassed excessively upon standing.    Ben- 
zene formed a very unstable emulsion that broke shortly after 
mixing.    The conclusion was drawn from these experiments that the 
external phase for stable emulsions of hydrazine with the OSH 
emulsifier can be aliphatic hydrocarbons In a boiling range from 
about 150-400oC ,  but that aromatics,  such as benzene,  are un- 
suitable. 

(c. ) With Aluminum Powder    (u) 

(U)    Two heterogeneous NaH4 emulsions were prepared with 
aluminum powder for comparison with emulsions containing AIH3- 
1451.     One emulsion contained OSH emulsifier and decane.    The 
other contained H2246A emulsifier (sample    from AFRPL)  and Jet 
fuel (2). 

(C)    The moderately thick,  homogeneous emulsion with OSH 
emulsifier (1.5^) was prepared with NsH4 (55^)  and decane (5.5^). 
Aluminum powder (Rey.1-151 atomized, 40^)  was added with moderate 
agitation.    A smooth, very adhesive heterogeneous emulsion re- 
sulted, with a yield stress of 580 dynes/cm.2 after twenty-four 
hours storage.    The physical stability of the emulsion appeared 
to be good during four weeks of storage at ambient temperature. 

-25- 

CONFIDENTIAL 



CONFIDENTIAL AFKPL-TR-68-216 

(C) The extremely thick homogeneous emulsion with H4426A 
emulsifier (1.5^) was prepared with NalU (525?) and Jet fuel (5.5^). 
The homogeneous emulsion was prepared by dissolving the emulsifier 
in the Jet fuel and then adding the N2H4 in increments.  The last 
half of the NalU entered the internal phase of the emulsion with 
difficulty. Aluminum powder (Reynolds 1-151 atomized 4?^) was 
added and prolonged stirring was needed to produce a smooth, very 
thick, non-adhesive emulsion. During storage at ambient tempera- 
ture for twenty-four hours the emulsion became thin and adhesive, 
which could have been caused by a reaction between the emulsifier 
and N2H4.  The yield stress of 570 dynes/cm.2 after twenty-four 
hours of storage was nearly identical to the emulsion with OSH 
emulsifier and decane. The physical stability of both emulsions 
appeared to be equivalent during four weeks of storage. 

(d.) Evaluation Tests (U) 

(U) During the screening and development of emulsions, prom- 
ising candidates were evaluated by most of the tests described in 
Section III.A.l.b. that were used for gels.  In most of the tests, 
emulsions with the OSH emulsifier compared very favorably to the 
candidate gels.  However, three properties eliminated emulsions 
from further consideration. 

(1)  Cohesion (U) 

(U) The stable heterogeneous emulsions adhered 
tenaciously to glass and metal surfaces. Emulsions 
appeared cohesive but non-adhesive only when synere- 
sis had released N2H4 which could then wet surfaces 
and prevent adhesion. With the emulsions that were 
studied, cohesion could be gained only at the ex- 
pense of emulsion stability. 

(11) Sensitivity to Atmosphere (U) 

(U) Brief exposure to air was detrimental to 
heterogeneous emulsions with the OSH emulsifier. 
The mixtures gassed at a greater rate after contact 
with air, possibly because of water pickup. 

(ill) Sensitivity to Temperature Cycling (u) 

(U) Variation from ambient temperature (about 
250C ) severely alters the physical integrity of 
heterogeneous OSH emulsions.  The emulsions undergo 
extensive syneresls If cycled from freezing (below 
10oC ) to ambient temperature. An emulsion was held 
at 550C for 8 hours before syneresls was observed. 
However, the elevated temperature apparently coalesced 
the emulsion droplets, because hydrazlne exuded from 
the emulsion when it was allowed to stand for several 
days at ambient temperature. 

(U) Since stable emulsions were consistently ad- 
hesive and also severely limited in usable temperature' 
range, they were eliminated from further consideration 
as a candidate system. 
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B.     STABILITY STUDIES    (U) 

(C)    The chemical stability of the AlH3-l45l/N2H4 system and 
the individual components were studied in order to achieve the 
over-all stability requirements of less than 0.5 percent decompo- 
sition per year (calculated as mole percent hydrogen evolved from 
AlHa-l'tSl) when the propellant is stored at 770F.    The investiga- 
tion of the mutual compatibility of system components led to a 
treatment procedure for AIH3-1451 which greatly enhances its neat 
stability and compatibility in propellant  systems that contain 
small amounts of water. 

1.    Preliminary Surveillance of Components and Mixtures    (u) 

(C)     Stability problems of the individual components and their 
mixtures were investigated to provide a better understanding of 
the cause and magnitude of gas generation in AlHa-l^Sl systems. 
Water content of the hydrazine, type of AIH3-1451,   surface treat- 
ment of the A1H3-1451 and thickening agents were studied.    Results 
showed an initial gassing phenomenon, not caused by ordinary de- 
composition of the A1H3-1451,   followed by long term stability in 
which either the Initiation or propagation of the auto-catalytic 
decomposition of AlHs-l^Sl is partially blocked. 

(C)    Both the initial gas evolution and the long-term stabil- 
ity of the AlHs-l^Sl/lfeH* formulations are  related to the'water 
content of the JfelU and surface conditions of the hydride. 

(C)    Initial gas generation of AlHa-l^Sl/NalU samples (with 
0.1 to 0.8^ H20 in the NaM  at 6o0C    is directly related to the 
water content.    Samples of AlHa-l^Sl which have fresh surfaces, 
i.e. not oxidized or hydrolyzed, gas excessively when formulated 
in the wet NgH*; whereas with surface hydrolyzed hydride the ini- 
tial gassing is reduced.    A long term stabilization, which is not 
characteristic of experience with neat AIH3-1451,  is also related 
to the water content in the hydrazine.    AlHa-l^Sl/NgH« mixtures 
which contain 0.5 - 0.8^ water have better long-term stability 
than mixtures which contain 0.1^ water.    Of the various types of 
hydride studied, Mg-doped material (approximately 1% magnesium 
Incorporated in the AIH3-1451 crystal lattice) was superior. 

(U)    With the gelling and emulsifying agents present,  the 
thickening systems evolved slightly more gas initially than with- 
out the agents,  but the long-term stability with the agents pres- 
ent was even better than the unthickened mixtures.    A small 
amount of water carried into the system by the agents most likely 
causes the Increased initial gassing. 

a.    Procedures    (U) 

(1.)    Thermal Stability Analysis    (u) 

(u)     Gas evolution and swelling rates were measured in two 
types of apparatus,  the standard Talianl method (5)  and the glass 
dilatometers that were recommended by AFRPL (4).    The details of 
these two test methods can be found in Appendix C.    The majarity 
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of samples were tested at 60oC    by the Taliani method to acceler- 
ate decomposition and allow data to be accumulated in a convenient 
length of time.     Reference samples were also tested at 250C    (770F.), 
40oC    and 48.90C    (l20oF.)  to provide a firmer correlation for 
extrapolation of the 60oC.   accelerated stability test data to more 
meaningful 25°C    projections. 

(C)     The Taliani results are presented by two different tech- 
niques.     The standard method of representing the off-gassing of 
AIH3-I451 propellants,that has been used by The Dow Chemical 
Company and many people in the solid propellant industry, is in 
terms of percent decomposition of the AlHa-l^Sl.    This technique 
is based on the assumption that all off-gas observed is produced 
by the decomposition of the AIH3-1451.    The second technique often 
used by liquid propulsion researchers  represents the gas genera- 
tion in terms of change In volume, or amount of swelling of the 
liquid or gelled sample.    This technique accounts for all gener- 
ated gas without  regard to source.    However, when presenting 
swelling rates of liquid or gels it is necessary to keep In mind 
the fact that the amount of swelling is dependent not only on the 
number of moles of gas evolved but also on the pressure and temper- 
ature of the system.    Unless properly corrected to a standard 
pressure and temperature, the  swelling rates of various samples 
may be difficult to correlate.     In this work,  all swelling rates 
are presented as corrected to 250C    and 1 atm. pressure regard- 
less of the temperature and pressure of the experiment.    The 
swelling rates are expressed as volume of gas  (cc.)   (corrected to 
25°C    and 1 atmos.) evolved per minute per pound of propellant 
containing 4c$ AiHa-l2^!. 

(2.)   Hydrazlne Analysis    (U) 

(C)     The as-received NalU that was used throughout this work 
contained approximately 0.8^ water and 0.5^ aniline.     Small 
amounts of N2H4 were distilled in a special apparatus for use in 
compatibility studies with AlHa-l^Sl.     The distilled N2H4 con- 
tained approximately 0.1^ HaO and 0.1^ aniline. 

(U)    A gas Chromatographie procedure was adapted for the 
analysis of water in N2H4  (5).    A Beckman GC-2A Chromatograph was 
equipped with a l/4-inch,   9-foot stainless steel column packed 
with 10$ Dowfax 9N9 on Teflon 6.    With this column the elutlon of 
the peaks  required about ,15 seconds for anunonia, 2 minutes for 
water and 5 minutes for NalU.    About 0.02^ water in a synthetic 
hydrazlne mixture was the  lower limit that could be estimated by 
this method. 

(U)    Aniline content was analyzed by an ultraviolet spectro- 
photometric technique.    The NalU content was measured by the 
''indirect lodate method"  (6). 

-26- 

CONFIDENTIAL 



T ^mmm^mmmm 

CONFIDENTIAL     AFRFL-TR-68.216 
(3.)   Aluminum Hydrlde-1451 Analysis    (C) 

(C)    The relative amount of metallic aluminum formed by de- 
composition and Its location with AIH3-1451 crystals was deter- 
mined by a metallographic technique.    The A1H3-1451 crystals were 
imbedded in a thermosetting resin which was then cured.    The cured 
mass was cut and polished to expose a cross section of AlHa-lVjl 
crystals.    The cross section of the crystals was then photographed 
at 500 X magnification.    Metallic aluminum was detected as bright 
reflective areas on a darker field of A1H3-1451. 

(C)    The C,  H, N, Mg, Cl, and LI content of AlHs-l^Sl samples 
was analyzed by standard elemental techniques.    These analyses 
helped to determine the effect of various treatments on the compo- 
sition of AIH3-1451 samples. 

(b.)   Components    (u) 

(C)    In considering the chemical stability and compatibility 
of the components making up the heterogeneous AlHa-l^Sl/Nam sys- 
tem,  the components and combinations thereof were studied separ- 
ately and in combination.    Two of the components of the  system 
are known to decompose slowly under ambient conditions.    The de- 
composition products Include Na, Ha  and NH3.     The decomposition of 
the AlHa-l^Sl is believed to proceed auto-catalytlcally with the 
formation of Ha and Al. 

(1.)   Hydrazine    (U) 

(U)    The decomposition of NaH*,  both neat and containing 
aluminum powder, has been studied by many investigators (10,11). 
The decomposition reaction generally results in the formation of 
Na and NH3.    The decomposition rates of gelled metallized NaH4 
propellants usually decrease with time, presumably due to poison- 
ing of a decomposition catalyst.    In our studies    it was deter- 
mined that the amount of decomposition of the NaHt was negligible 
compared to the gas produced by the AlH3-l451.    Therefore,  the de- 
composition of NaH* was not extensively studied.    The purity of 
the NaH4, however, was found to have great effect on the off-gas 
rates In combination with AIH3-1451 and this will be discussed 
In detail later. 

(g.)   Aluminum Hydrlde-1451    (c) 

(C)    The mechanism of decomposition of AlHs-l'+Sl has been 
less extensively studied,  but relative decomposition rates have 
been measured for many samples.    Figure 4 presents the results of 
some 6o0C    stability tests of various types of AIH3-1451.    The 
more stable samples represent current laboratory produced mater- 
ial, whereas the least stable material Is comparable to 1965 
pilot plant product. 
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(C)    The Improvement in the stability of AlHs-l^Sl has been 
accomplished through improved crystallization, Mg doping,  and 
surface treatments.    The improved crystallization is a result of 
modifications in the process in which AlHa-l^Sl in the 1451 
crystal phase has been recovered from an ether solution of AIH3 
etherate.    With these improvements, the AIH3.1451 crystal size 
has been increased to approximately 100 \i with at least a twofold 
improvement in stability, over the earlier fine powder (5 n) AIH3- 

(C)    The incorporation of 1 to 2 wt.  % magnesium in the crys- 
tal has been found to be an effective stabilizer for AIH3.1451. 
The doping is accomplished by adding soluble LiMg(AlH.i)3 to the 
AlHs/ether reaction solution.    The Mg.doped hydride has been 
found to have slightly expanded crystal lattice dimensions,  com- 
pared to normal hydride,  as determined by X-ray diffraction studies. 
The lattice dimensions, along with very accurate density measure- 
ments,  indicate that magnesium is present substitutionally in the 
hydride crystal rather than interstitially.    The Mg-doped hydride 
generally exhibits approximately a twofold improvement in sta- 
bility compared to normal (non-doped) AlHs-l^Sl. 

(C)    Surface treatment of AIH3-1451 crystals has been used to 
improve the stability and compatibility of the hydride.    Washing 
the hydride with acrylonitrile was one of the most extensively 
used treatments.    The benefits obtained from these washlr^ treat- 
ments are now believed to be at least partially due to a surface 
hydrolysis of the hydride which occurred because of trace quanti- 
ties of water present in the treatment liquor.    Other methods of 
surface hydrolysis of the hydride have been investigated and often 
a large stabilization of the hydride is observed.    Figure 5 shows 
the type of decomposition curves obtained with hydride hydrolyzed 
in wet benzene at 250C   and by the direct addition of water. 
The "aged"  sample is also believed to be surface hydrolyzed, 
caused by contamination of the sample with oxygen or water during 
storage.    Although the surface hydrolyzed samples have better 
long-term stability,  they have a characteristic initial gassing 
which would prevent their use In heterogeneous liquid systems. 
The elimination of this initial gassing and with the maintenance 
of the long-term stability was the subject of a great deal of 
research which will be discussed under pretreatment below. 

(C)    AlHs-l^Sl has been observed to be more stable In certain 
propellants than when neat.    Studies to elucidate this phenomenon 
led to the discovery that symmetrical diethyldiphenylurea,  des- 
ignated ethyl centralite,  does stabilize the hydride.    Screening 
of additional potential stabilizers led to the discovery that 
diphenylacetylene (DPA) was a very effective stabilizer.    AIH3- 
1451 is now routinely washed with an ether solution of DPA, 
leaving approximately 1 wt.  ^ DPA on the surface of the hydride. 
Certain laboratory batches of Mg-doped AIH3-1451 treated with DPA 
required more than 50 days to reach 1% decomposition at 60oC, 
which is better than a twofold improvement over the untreated 
Mg-doped hydride. 
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(3J    Aluminum Hydrlde/Hydrazlne Formulations    (u) 

(C)    The gas generation characteristics of A1H3-1451/N2H4 for- 
mulations have been critically studied.    It would be predicted from 
stability data of AIH3-1451 and N2H4 that the gas generation from 
AIH3-1451 would far exceed the gas generation of N2H4.  and this 
led to a more detailed examination of the hydride and factors 
which affected Its stability. 

(a)     Type of Aluminum ftydrlde-l^Sl    (u) 

(C)    Four types of AIH3-I451 were formulated as 40 wt.  % mix- 
tures In as-received NaH*.     The types of hydride Included:    (A) 
standard,  (B)  Mg-doped,  (C)    Mg-doped,  surface hydrolyzed, and 
(D)  Mg-doped,  DPA treated AlHa-l^Sl.    The results of accelerated 
stability testing at 60oC    of these formulations are shown in 
Figure 6.    In all cases a rapid evolution of gas was first ob- 
served,  followed by a decreasing gas generation rate.    The samples 
differed primarily In the amount of "initial gassing" and were 
similar in the gas generation rates observed after 1200 and 2200 
hours,   as shown in Table XI.    The results of these four samples 
Indicate all of the Mg-doped samples are more  stable than the 
standard hydride.    The value of the DPA treatment of AlHs-l^Sl 
which Is to be formulated with hydrazine is questionable,  since 
it is believed the DPA dissolves from the hydride in hydrazine. 
A fifth sample (E)  in this series, which is shown in Figure 6 and 
Table XI,  contains Mg-doped, DPA treated hydride which had been 
treated for 15 days in as-received hydrazine at 6ocC    before 
being tested In hydrazine.     Significant reduction of the amount 
of gas evolved from the formulation the first 500 hours was ob- 
served.     This approach to  reducing the gassing of the AlH3-l45l/ 
rfeH* formulations has been further evaluated as discussed later 
in this Section. 

Table XI 

(C)     Gas Generation Rates of AlH3-l45l/Hydrazlne Formulations 
Containing As-Received Hydrazine at b0vC. 

Ras   fJpnfiya/Mnn   Rn+.o.    en   Alh     ml«    ^ 
Type of AlHs-l^Sl 

Standard Lot No.  02055 (A) 

Mg-doped Lot No.  QX-020 (B) 

Mg + Surface Hydrolyzed Lot 
No.   (3X-020 (C) 

Mg + DPA Lot No.  09256  (D) 

Mg + DPA Lot No.  09236 + 
N2H4 Treated   (E) 

»12ÖÖ Hrs. ©22ÖÖ Hrs. 

0.019 — 

0.011 0.0078 

0.011 0.0076 

0.014 0.0075 

0.015 0.0068 
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(b.)  Water Content of Hydrazlne    (C) 

(C)     The relatlonshlo of the water content of the hydrazlne 
to the amount of Initial gassing of the AlHa-l^l/NalU formula- 
tions was  investigated.    Figure 7 shows the effect of varying 
the water content from 0.1 to 0.8^.    The A1H3-1451 used in this 
study was Mg-doped and DPA treated; however,   similar results have 
been obtained with standard hydride.    As shown in Figure 7, an 
increase in water content results In an increase in initial gas- 
sing of the formulation.    However, an increase In water content 
also results in an increase in the induction period  (length of 
time before accelerated decomposition begins)   of the hydride 
decomposition.    Apparently the initial gas, which has been identi- 
fied as hydrogen, is not a product of thermal decomposition of 
the hydride, but rather a product of a reaction between the hydride 
and the hydrazlne or water in the hydrazlne. 

(C)    Using the metallographic technique,  analysis of hydride 
recovered from the accelerated stability test further substantiates 
that the Initial gassing is not produced by typical decomposition 
of the hydride.    The metallographic photographs are shown in Fig- 
ure 8 and the conditions under which the samples were taken are 
shown In Figure 7.    Metallographic Sample Number 1 shows the 
noticeable presence of aluminum (appears as white spots)  In a 
sample of hydride which had decomposed 1.0% after 15 days neat at 
60oC.    Metallographie Sample Number 2, which had been on test an 
equal amount of time, 15 days in hydrazlne at 6o0C,  and had 
evolved nearly as much gas, shows no detectable aluminum present. 

(C)     Similarly,  in Sample Number 4,  even after 95 days at 60oC 
in as-received hydrazlne  (0.856 IfeO), very little aluminum is 
detected.     Sample Number 5,  taken Just at the end of the induction 
period for a sample of hydride in distilled hydrazlne (0.1^ HaO), 
shows the beginning of aluminum formation. 

(C)     It can be concluded from these studies that the initial 
gassing of  the AlHa-l^l/NalU formulations is related to the water 
content of the hydrazlne.    The initial gas Is not generated by 
typical thermal decomposition of the hydride but is a product of 
a A1H3-1451/N2H4 (or water)  reaction.    The stability of the AIH3- 
1451 in the as-received hydrazlne is phenomenal, with very little 
decomposition of the hydride after more than 100 days at 60oC, 
which would correspond to approximately 3 years at 250C.    The long- 
term stability of AIH3-145I in hydrazlne (0.8^ IfeO)   is very much 
better than the stability of neat hydride. 

(c.)     Gel and Emulsion Systems     (U) 

(C)     The gas generation characteristics of four gelled and 
one emulsified A1H3-1451/N2H4 heterogeneous propellent systems have 
been studied at 600C.    The results of these samples are shown in 
Figure 9 along with an ungelled AlHs-^l/NalU reference formula- 
tion.    In all cases the gelled or emulsified systems evolve more 
initial gas than the reference.    The increased initial gassing 
may be caused by water carried into the systems by the gelling 
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or emulsifying agents.    All of the systems show a gas generation 
rate decreasing with time.     The gas generation rates of the various 
systems after 1200 hours are listed in Table XII for comparison, 
rfie difference in long-term generation rates of the various sys- 
tems appears to be relatively insignificant. 

Table XII 

Qas Generation Rates of Aluminum Rvdride/Hydrazine 
Formulations Containing As-keceivea Mydrazine at öQ-c-    (C) 

Gas Generation Rate 
Gelling or «1200 Hrs., 

Emulsifying Agent cc./lb. mln. 

1.4 x ID"2 

OSH emulsion ^.5 x 10"2 

CMC/agar-agar gel 2.5 x 10"2 

Acrylamide-acrylic acid 
copolymer gel 1.7 x 10 

Ammonium polyacrylate 
gel 1'9 x 10 2 

Polyacrylamide gel 0.8 x 10"2 

*Lot No.  09256: Mg-doped, DPA-treated AlHa-l^Sl 

2.    pretreatment of Aluminum Rvdride-1451    (ü) 

(C)    It was recognized early in the program that the initial 
gas evolution in AlH3-l45l/NaH4 foraulations would be detrimental 
to long term storage of the heterogeneous propellant.     To reduce 
this initial gas evolution and gain the benefits of long term 
stability, pretreatment studies were conducted.    One of *he most 
effective AIHa-1^51 pretreatment procedurps was with hydrazine 
(0.8* HaO)  at 600C   Jor >100 days.    The initial gas evolution 
was greatly reduced, but the treatment time was inconveniöntly 
longf    Pretreatment parameters were studied in as^received hydra- 
Snf to determine mo?e precisely the factors that influence the 
reduction of Initial gas evolution.    Several treatment  liquids 
were given precursory evaluations to find a system which would 
reducf the Initial gks evolution as effectively as hydrazine,  but 
in a much shorter time period.    The most effective pretreatment 
medium was found to be n-butylamine.    In the discussion which 
follows,  all tests were with a hydride;treatment liquid ratio of 
40:60,  unless otherwise noted. 
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a.    Studies of Treatment Parameters In Hydrazlne    (U) 

(C)     Several treatment parameters were varied in the hydra- 
zlne pretreatment procedure to determine their effect on the   amount 
of initial gassing that occurs when the hydride is reformulated 
with hydrazine.    Pretreatments with temperatures greater than 60oC, 
a greater proportion of hydrazine in the pretreatment mixture, 
and water content of hydrazine >0.8# were tried. 

(l.)   Treatment Temperature    (U) 

(C)    The reduction of initial gassing was accomplished by a 
15 and 115 day pretreatment of the hydride In as-received hydra- 
zine at 60°C    as Illustrated in Figure  10.    The hydride was 
dried before being reformulated in the hydrazine, then tested at 
60oC    In a modified Taliani apparatus. 

(C)    When AlHa-l^Sl was allowed to  stand In contact with as- 
received hydrazine at 70oC    for 6 days,   recovered, dried,  and 
reformulated with as-received hydrazine and placed in a 60°C 
Taliani apparatus,it was shown that the higher pretreatment 
temperature caused a reduction of initial gassing,as illustrated 
in Figure 11.    Although this experiment was conducted for only 
6 days,  it was quite evident that the more elevated temperature 
will not speed up the process.    In addition, the oxygen content 
of the sample treated at 70°C   was 0.98^, as compared to 0.78^ 
after the 600C    treatment.    These results indicate that the pre- 
treatments of AlH3-l451 should be kept at approximately 60°C, 
since a higher and lower temperature have produced less effective 
stabilizations. 

(2.^   Water Content of Hydrazine    (u) 

(U)    The amount of water in hydrazine was shown to be pro- 
portional to the amount of initial gas evolution and to the de- 
gree of long term stabilization of AIH3-1451/N2H4 formulations. 
This was shown by experimental data with hydrazine containing 
0.1 - O.8J6 water.     The most effective concentration was found to 
be 0.856 water.    To determine if a greater amount of water would 
decrease initial gassing in a shorter pretreatment time, hydra- 
zine with 3.2^ water was used in a 6 day pretreatment experiment. 
The treated sample was recovered from the hydrazine,  dried and 
reformulated in as-received hydrazine.    The sample was tested in 
the 60° C    Taliani apparatus.    The results (see Figure 12)  indi- 
cate that there is no benefit in using increased concentrations 
of water.    Also presented in Figure 12  is benzene pretreatment 
stability data.    Pretreatment with benzene containing either 0.8^ 
or 3.2% water produces approximately the same stability when the 
hydride is reformulated in as-received hydrazine.    After benzene 
treatment with 0.8$ water,  the hydride contained 1.7^ oxygen, 
and with 3.2# water the hydride contained 5.86^ oxygen.    On a 
long term basis,  compatibility of the  system after the benzene 
treatment appears to be slightly better than after the hydrazine 
treatment,  but the excessive amount of hydrolysis shows benzene 
to be impractical. 
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(C)     Fig.   11 - The Effect of Treatment Temperature 
on the Gas Generation of Aluminum Hydride- 

1451 (Lot 09256)  in As-Received Hydrazine 
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(3)    Aluminum Hydrlde-l45l/HycLrazlne Ratio    (C) 

(C)    A study was conducted to determine the effect of In- 
creasing the amount of hydrazine to AlHa-l^Sl in the total pre- 
treatment mix.    This effectively doubled the amount of water in 
contact with the hydride.    The stability data presented in Figure 
15 indicate a slightly better reduction in Initial gas evolution 
with the increased amount of hydrazine.    The amount of hydrolysis 
also was increased as indicated by the oxygen analysis.    It was 
felt that the slight increase in stability did not warrant the added 
expense of doubling the amount of pretreatment hydrazine. 

(4.)   Other Treatment Liquids    (u) 

(c)     In order to reduce both the time and the cost of pre- 
treatment of AlHs-l'lSlf   a number of pretreatment liquids were 
investigated.    The screening of these liquids consisted of a six- 
day, 60 C    treatment of the hydride and the liquid,  followed by 
recovery of the hydride,  drying,  and formulation with as-received 
hydrazine for stability testing on the Tallani apparatus.    In all 
cases, the hydride/treatment  liquid ratio was 40:60 on a weight 
basis. 

(C)    A summary of the data collected In this effort is pre- 
sented in Appendix B.    Of the treatment liquids tested, n-butyl- 
amlne and ethyl alcohol were shown to have the most promise of 
reducing initial gas evolution in less treatment time than hydra- 
zine.    This  is shown in Figure 14.    Tetrahydrofuran, n-propanol 
and ethyl acetate were not as effective.    A six-day treatment 
with n-butylamine produced better stabilization than an 18-day 
treatment with hydrazine with only a moderate increase in the 
hydride oxygen content.    The alcohol treatment was Intermediate 
in effectiveness between six-day treatments with hydrazine and 
n-butylamlne. 

(C)    The best overall results were obtained with n-butylamine 
and this pretreatment liquid was chosen for the scale-up effort 
asid the preparation of the final heterogeneous propellant. 

b.     Pretreatment With n-Butylamlne    (U) 

(C)    Pretreatment with n-butylamine was chosen as the most 
effective means of stabilizing AIH3-1451 that is to be formulated 
with NsH.».    The recommended procedure for the pretreatment is as 
follows: 

(C)    The AIH3-1451 (2 parts by weight)  is placed in a round- 
bottom flask.    n-Butylamine (5 parts by weight)  is added and the 
mixture,  under an inert atmosphere, is heated to 60° ± 0.50C    for 
18 days.     The n-butylamine was Fischer reagent grade,  98^, with 
2^ water.     If 0.5 pounds or more of AIH3-1451 is being treated, 
gentle agitation is required to Insure sufficient solid-liquid 
contact.    A flask with 50^ ullage should be used to allow for 
expansion during heating and gas evolution during the early por- 
tion of the heating. 
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(C)    Fig.  15 - Effect of Aluminum Hydride/Hydrazlne Ratio in 
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(C)    While the mixture is still warm, the liquid is decanted 
and the remaining solid washed with a fresh portion of n-butyl- 
amlne, which is again decanted.    The treated hydride is dried by 
vacuum at room temperature until condensate ceases to be collected 
in^a dry ice trap in the vacuum line.    Drying is continued at 
40oC    for 15 hours to insure that trace amounts of water are re- 
moved from the treated AlHa-l^Sl. 

(C)    The effectiveness of the treatment is evaluated by the 
Tallani test in combination with NsH* as described in Appendix 
C.I.    The stability of AlHs-l^Sl in heterogeneous gels is dis- 
cussed below. 

c.    One-Year Storage Data    (u) 

(C)     The gas evolution rates of gelled propellants were 
tested at 770F      and 120oF    to determine one-year storage sta- 
bility.     The propellants were tested by both the Taliani method 
and the glass dllatometer method (Appendix C).    The total gas 
evolution during the one-year storage was within the requirement 
of less than equivalent to 0.5^ decomposition of A1H3 per year 
at 77 F. 

(1.)  Gels at 77°?.     (u) 

(C)    The gel formulation that was tested in all of the one- 
year stability work contained AlHa-l^Sl (40 parts)   that had been 
pretreated in n-butylamlne and NzH« (60 parts)  gelled with 0.5^ 
polyacrylamlde gelling agent.    Two types of IfeH-t were used:    as- 
received propellant grade which contained about 0.8^ water, and 
laboratory distilled NaH« which contained about 0.1^ water.    One- 
gram sampj.es of gel were tested by the Taliani method at 77° and 
120 F.    One-hundred gram samples were tested In the glass dllatom- 
eter a at 770F    only. 

(U)    The pressure rise of the samples by both test methods at 
77 P   are shown In Figure 15.     The initial gassing phenomenon is 
evident,  but minor, at 770F.    With time,  the rate of gas evolution 
decreased as is shown in Table XIII. The sealed dllatometer test 
method appeared to be less severe than the Taliani' method which 
Is vented to atmospheric pressure at intervals.    Possibly,the gas 
evolution was suppressed by the pressure build-up in the sealed 
dilatometers. 

(U)     The dllatometer tests were terminated before onefcomplete 
year of testing.    Since the dilatometers were not designed with 
sufficient ullage for gels with the swelling rate that was 
measured,  the gel expanded into the capillary and blocked free 
movement of the mercury. 

(C)    The gels in the Taliani method were tested for one com- 
plete year.    The total decomposition at the end of one year at 
770P   was 87k cc./lb. or 0.595^ for the gel containing as-re- 
ceived hydrazlne and 590 cc./lb.  or 0.26b9^ for the gel contain- 
ing distilled hydrazine. 
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(c) One-Year Storage Stability Test at 770F. 

?B. 

( Oassing Rate, cc./lb.  mln. 
Tallanl Methoa Dllatometer Method 

Time al H2H* •Rme N2H4 Type 
770F.,  hi As-Received Distilled As-Received Bistilled 

500 3.2 x 10"3 — 1.0 x 10"3 7.3 x 10"4 

1000 1.5 x 10'3 1.3 x  10"3 1.0 x 10~3 5.0 x 10"4 

1800 1.6 x 10"3 1.2 x  10"3 1.1 x 10"3 5.6 x 10"4 

2500 1.7 x 10"3 1.1 x 10"3 8.1 x 10"* 4.8 x 10"4 

5000 1.6 x 10"3 1.1 x 10"3 8.8 x 10"4 5.0 x 10"4 

5800 1.5 x 10"3 9.2 x  10"* 9.9 x 10'4 -- 

4200 1.3 x 10"3 9.2 x  10"4 -- — 

5800 1.6 x 10"3 8.9 x 10"4 -- — 

7000 1.7 x 10"3 8.9 x 10"* — — 

8760 1.5 x 10"3 8.9 x 10"4 — — 

(2)   Gels and Components at 120oF.     (U) 

(C)    Heterogeneous gels (identical to the gels tested at 
770F )  and the individual components were tested for one-year 
storage stability at 120oF    by the Tallanl method (See Figure 
16).     The gas evolution data are presented in Table XIV.    Neat 
NaH* evolved an Insignificant amount of gas compared to the 
tests containing AIH3-1451.    The neat AIH3-1451 followed the 
usual autocatalytic type of accelerating decomposition and the 
test was terminated at 1% decomposition (approximately 3000 
hours).    The mixture of AlHa-l^Sl and distilled N2H4 gassed 
less initially, but was less stable at extended times than the 
heterogeneous gel with propellant grade N2H4 (0.8^ water). 
The heterogeneous gel with distilled IfelU (0.1^ water)  had low 
initial gas evolution and excellent long-term stability for the 
first six months of testing.    However, the gas evolution rate 
with the distilled N2H4 began to accelerate after six months, 
which confirmed suspicions that a minimum amount of water 
greater than 0.1^ was needed for extended stability of hetero- 
geneous gels of A1H3-1451 and NaH^. 
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(c) One-Year Sto rage Stability Test at  120oF. 

DCF. 

Sassing Rate, cc./lb. min 

Time at 12( 
hours AlHa-1451 

2,0 x 10"3 

A1H3-1451/ 
N2H4 

4.2 x 10"3 

A1H3-1451/ 
NaH4/Agent 

5.2 x 10"3 

A1H3-1451/ 
Dist.   NaH*/ 

Agent 

600 4.1 x 10'3 

1300 5.8 x 10"3 5.1 x lO-3 4.7 x 10 "3 9.2 x 10"4 

2000 1.0 x 10 "a 2.9 x lO-3 1.8 x lO-3 1.6 x 10"3 

2700 — 5.4 x lO-3 2.0 x 10 "3 6.4 x lO'4 

5^00 -- 3.4 X 10-3 2.1 x 10"3 8.15 x 10"4 

4200 -- 3.5 x lO-3 2.1 x 10-3 1.6 x 10"3 

5^00 — 3.5 x lO"3 2.1 x lO-3 1.8 x 10 "3 

7000 -- 3.7 x 10-3 2.1 x 10-3 2.0 x 10'3 

8760 -- 3.7 x 10"3 2.1 x 10-3 2.1 x 10'3 

C.    SYSTEM CHARACTERIZATION (u) 
(C)    After a system was chosen for further development in 

Phase I of this work,   i.e.  AlH3-l45l/NaH4  (40:6o)   gelled with a 
polyacrylamide gelling agent (0,5-0.6^),  the physical and chemical 
properties of the heterogeneous gel were characterized to supply 
engineering data on the propellant system.     In the following sec- 
tions the flow curve,  density vs.  temperature, mechanical stabil- 
ity, minimum usable temperature, and thermal stability from room 
temperature to boiling of the gel are discussed 

1.    Flow Curve    (u) 

(U)    The Theological properties of the thixotropic gelled 
propellant were studied with a capillary viscometer.    The flow 
properties are presented graphically by plots of both apparent 
viscosity vs.  shear rate (Figure 17l  and the flow curve fFigure 
l8),_l.e.   shear stress (DP/4L,  lb./ft.2)  vs.  shear rate (32 Q/D3, 
sec."1). 

(U)    A capillary viscometer was constructed to measure the 
flow properties of the gel.    A diagram of the apparatus is shown 
in Figure 19.    The viscometer is operated by nitrogen gas pressure 
which forces the gel through a capillary.    Flow rates and shear 
rates in the viscometer are varied by regulating the nitrogen 
pressure and/or interchanging capillaries (diameters = 0.2133, 
0.2784,  and 0.531 cm.; L/D = 40). 
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(U)    The capillary viscometer system includes an automatic 

electric timer and automatic electrically operated valves.    A 
schematic diagram of the apparatus is shown in Figure 20.    The 
operating procedure for the viscometer follows. 

(U)    The viscometer is loaded with gel in a dry box and the 
closed unit is then connected to the pressure source.    The bal- 
last pressure is set at the desired value.    An accurately weighed 
receptacle is placed in the receptacle holder.    The holder is then 
moved in place as the handle is pushed (to the right. Figure 20). 
As the receptacle holder is moved, first relay Nr.  1 is opened 
which closes the vent line solenoid,  then relay Nr.  2 is closed 
which opens the pressure line solenoid.    At this point the capil. 
lary begins to discharge into the purge receptacle.    As the handle 
is pushed further,  simultaneously the weighed receptacle moves 
under the capillary and relay Nr.  3 is activated, which starts the 
electric timer.    After the desired sample is collected, the handle 
Is pulled back which stops the timer,  closes the pressure line 
solenoid, and opens the vent line solenoid. 

(C)    Trial viscometer runs with standard oils and greases 
agreed with specified viscosities of the samples.    A trial run 
with a Number 1 grease which contained 4ojJ KC1 (100 M)  to simulate 
a heterogeneous gel with AlHa.l^Sl was also run satisfactorily. 

(C) During propellant development work, samples of AlHa-l^Sl/ 
NalU (40:6o) heterogeneous propellant were tested in the capillary 
viscometer as a screening device. The results obtained from these 
three gels and one emulsion are shwon in Figure 21 along with the 
contract specification. Figure 21 demonstrates the shear thinning 
properties of these samples at high shear rates and shows them to 
be within the contract specification in that range. 

(C)    After the polyacrylamide gel was selected as the system 
of choice, the shear rate was extended to the lower range for 
that gel.    As was seen in Figure 17,  the apparent viscosity for 
the polyacrylamide gel is within contract specification,  but ap- 
proaches the limiting value at a shear rate of 1 sec.-1.    At that 
shear rate, the shear stress Is barely sufficient to keep the 
propellant flowing and the yield strength of the gel Interferes 
with an accurate measurement In that  range of shear stress and 
shear rate. 

2.     Density vs. Temperature    (U) 

(U)    As part of the complete characterization of the poly- 
acrylamide heterogeneous gel, the density was determined at 40°, 
60°,  80°, and 100 P.    The density measurement method with a 
pycnometer is listed in Appendix C. IV. 

(U)    The measured data on density vs. temperature are presented 
In Figure 22, with data on hydrazine taken from the literature (7). 
The slope of both curves is approximately the same in both 
cases.    The data for the heterogeneous gel are slightly more 
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(U) Pig. 20 - Schematic Drawing of Modified Capillary Vlscometci'
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90 100 

(C)    Fig.  22  - Density vs. Temperature for Heterogeneous 
Gel with polyacrylamlde Gelling Agent 

-57- 

CONFIDENTIAL 



CONFIDENTIAL        APRPL-TR.68.216 

scattered than for hydrazine, which could be caused by voids that 
are very difficult to prevent during the sample loading. 

(C)    The calculated theoretical value for the polyacrylamlde 
heterogeneous gel. neglecting the effect of the gelling agent,  is 
1.18 cc./g.  at 77 C.    The datum from this density vs.  temperature 
determination in a pycnometer is 1.095 cc./g.  at 77°C.    However, 
earlier measurements with the air comparison pycnometer averaged 
1.16 cc./g.  at 770C.    Measurements with the air comparison pycnom. 
eter  are much less subject to error from voids,  but it is not 
readily adaptable to wide range temperature control;  thus, it was 
not used for these determinations, 

3.    Mechanical Stability    (U) 

(U)    The heterogeneous gel with the polyacrylamlde agent was 
mechanically stirred in two different modes to evaluate the mechan- 
ical stability of the gel.    A vibration stability test and an 
acceleration stability test were conducted under the conditions 
specified by the contract requirements. 

a.     Vibration Stability    (u) 

(U)    A vibration test was  run on gelled propellant that con. 
tained 0.5^ gelling agent.    The test conditions were 2 hours at 5 
g    peak sinusoidal vibration cycled over a range of 50 to 500 ops. 
and 10 minutes at 20 g   peak sinusoidal vibration at 500,  1000, 
and 2000 cps.     The temperature for each test was 40°, 80°, and 
120oF.    The test caused no separation or settling of the gel as 
determined by visual Inspection and by a gravimetric procedure. 

(U)    The equipment for the vibration test consisted of the 
following: 

Ling shaker Model A 280 plus power amplifier. 
Hewlett Packard wide range oscillator. 
Hewlett Packard electronic counter. 
Ling accelerometer normalizing amplifier. 
Endevco accelerometer Model 22210. 
Tektronix type 502 dual beam oscilloscope. 
Honeywell Brown recorder,  temperature range 

-50° to +150oC. 
Sample holder mount. 

The sample temperature was manually controlled to ±10C    with a 
heating tape as a heat source and Dry Ice on the exterior of the 
sample holder mount for cooling. 

(U)    Each test was run on triplicate 10-gram samples in glass 
vials that were held in magnesium tubes in the sample holder mount. 
After the gel was vibrated under the specified conditions, approxi. 
mately 1 gram was sampled from the top and bottom and placed in a 
capped plastic vial.    The sample was weighed on an analytical 
balance to determine the complete sample weight.    After drying 
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under vacuum at ambient temperature for 48 hours to remove the 
NaiU, the dried residue was reweighed to determine total solids 
in the sample.    The percentages of solids in the top and the bottom 
of the sample were calculated to detect separation of the sample. 
The results,  listed in Table XV, are within the experimental error 
of the test method and indicate no settling of the gel from the 
vibration tests.    These results verify visual Inspection of the 
gel after testing. 

Table XV 

(U)    Settling Rate of Vibrated Heterogeneous Propellant 

Vibration Test Conditions £ Solids in Sample 
Top               Bottom Time. mm. Temp.,  "P. 

120 40 38.96              38.95 
120 80 39.42               38.90 
120 120 38.20               38.46 

10 40 38.81               39.52 
10 80 37.92               36.96 
10 120 38.40 38.14 

(U)    Die canter portion of the 10-gram samples was tested for 
yield stress and compared to the control portion of untested gel 
from the same batch.     The freshly vibrated gel apparently remained 
In a stressed state for several hours after the test, for the yield 
values were higher than the control (see Table XVI).    However, 
vibrated gel that was allowed to stand for 24 hours after the 
test appa. antly "relaxed," for the yield stress was in the approxi- 
mate range of the control gel.    The control gel showed the usual 
yield stress during the first 48 hours of storage after mixing. 
The yield stress value then leveled out and stayed approximately 
constant. 

Table XVI 

(U)    Yield St re iss of Vibrated Heterogeneous Propellant 

Elapsed Time After Yield Stress, dynes/cm.2 

oei preparation li a*y8 control del Tested Gel 
0 1635 — 
1 1170 945 
3 770 870 
8 350 820 

10 600 325* 
11 475 320* 

aYield stress was tested long enough after vibration test to allow 
gel relaxation. 
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b.    Acceleration Stability    (U) 

(C)    The mechanical stability of the heterogeneous polyacryl- 
amlde gels was tested under the specified acceleration conditions: 
1 hour at 20 g load and 10 minutes at 90 g load (each test at 77 F ) 
The yield stress needed to prevent separation under the stated ac- 
celeration loads was determined. 

(C)    A variable speed International Centrifuge Model EXD was 
used for the acceleration stability study.    Several gels with a 
range of yield stress values were centrlfuged In duplicate at the 
specified acceleration loading and temperature.    The gels were 
visually Inspected and then tested for separation by the method 
described in Section III.C.3.a.    A gel with a low yield stress 
(475 dynes/cm.2)  separated noticeably in both the 20 g and 90 g 
tests.    The gravimetric test also showed considerable separation, 
(see Table XVII).    A gel with a yield stress of 1000 dynes/cm.a 

withstood the acceleration test much better.    No separation was 
visible and the gravimetric test showed only a trace of separation. 
Since earlier test gels with yield stress values as low as 700 
dynes/cm.2 were centrlfuged with no visible separation, the data 
from these tests Indicate that the yield stress of the hetero- 
geneous propellant should be at least in the 700-1000 dynes/cm.* 
range or greater to meet the mechanical stability requirements. 

Table XVII 

(U) Effect of Yield Stress on Separation 
 Of Solids Under Acceleration 

Change in Solids. % 
Yield Stress       (Bottom Minus Top) 
dynes/cm?    20 g. 1 hr7  90 g. 10 mln. 

1710 nil nil 

1000 0.5 0.8 

475        17-7        29.1 

k.    Minimum Usable Temperature (U) 

(U) The minimum usable temperature, i.e. the lowest tempera- 
ture at which the gel is still liquid and pumpable, was determined 
by measuring the yield stress of the gel from 250C to -2.5 C , 
which is below the freezing point of the gel. The minlmuir usable 
temperature was set at 0oC , the gel freezing point, as a result 
of this study. 

(U) During this work, the yield stress was measured by the 
rising sphere rheometer and by the microcaplllary rheometer. 
(See Appendix C for the two test methods). Greater precision of 
yield stress measurements at 250C was observed with the micro- 
capillary rheometer than with the rising sphere rheometer. Cali- 
bration data of the microcaplllary rheometer with a homogeneous 
water gel were reproducible within 2fa  whereas the rising sphere 
was only reproducible within lOJJ. In addition, yield stress values 
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determined by mlcrocapillary are approximately twice as great as 
values measured by the rising sphere apparatus.    An aluminized 
gel made with Carbopol-940, when tested with the microcapillary 
rheometer,  showed yield stress of the same magnitude as compar- 
able aluminized gels reported by Stanford Research Institute (9). 
Therefore,  values from the microcapillary apparatus were Judged 
to be more reliable than from the rising sphere rheometer.    Since 
testing time and sample size are both considerably less and the 
precision of data much better,   the microcapillary rheometer was 
used for yield stress measurements of gel and emulsion systems at 
250C.    However, for temperatures below lO"^ , problems were en- 
countered with the microcapillary method.    The yield stress data 
were widely scattered as if the gel began to shrink and/or adhere 
to the tube.    In order to measure the yield stress below 10oC , 
the results obtained with the rising sphere rheometer were cor- 
related with the results obtained with the microcapillary rheom- 
eter and a factor applied to values measured with the rising 
sphere to bring yield stress into line with the microcapillary 
values. 

(c) The yield stress of the gel was measured over a range cf 
temperatures with the rising sphere and adjusted to correspond to 
capillary data. As long as the gel was still in the liquid state 
(even though supercooled), the yield stress remained essentially 
constant (see Figure 23). Therefore, the minimum usable tempera- 
ture is considered to be at or above the freezing point of 0 C. 

5.    Thermal Stability    (u) 

(U)     The  swelling rates of frephly prepared gels were evalua- 
ted from room temperature to boiliug to determine the short range 
effect of thermal exposure on the gel.    The data were converted to 
pressure rise (psig) per hour for a storage container with 10^ 
ullage.     Data were presented in Figure 24. 

(U)    The thermal stability tests were run in a 100 cc. heavy 
wall glass tube containing approximately 25 grams of freshly pre- 
pared gel.    This tube was connected to a Heise gauge and mercury 
manometer for pressure measurement.     The tube was submerged in a 
constant temperature bath.    The pressure was recorded at minute 
intervals for about 50 minutes,  until the sample equilibrated. 
Then the pressure was recorded as often as needed to obtain suf- 
ficient data,  every 1-4 hours.    The initial pressure rise during 
temperature equilibration was deducted from the total pressure 
rise.    Swelling rate calculations were based on the steady state 
gas evolution during approximately the first 24 hours of the test. 
For temperatures below 600C ,  the gas evolution decreased markedly 
after the first 24 hours that the sample was held at temperature. 
However,  for temperatures above 60°C    no decrease in gas evolution 
was seen.    Indeed,  at the boiling point,  1140C ,  the evolution be- 
gan to Increase  rapidly after only two hours of testing. 

(U)     The gels were inspected for physical change after the 
tests.    Voids had formed from gas evolution,  but no separation of 
phases was seen.    The yield stress was relatively unchanged.    The 
physical stability of the tested gels was excellent during extended 
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ambient temperature storage after the test.    However,  the gels 
that had been exposed at 100° and ll40C      gassed excessively dur- 
ing prolonged storage.    These tests would indicate that the 
heterogeneous gels should not be exposed to temperatures in excess 
of ÖO'C.   (l40oF )   during handling and shipping, even for short 
periods of time. 

D.     PREPARATION OF HETEROGENEOUS GELLED PROPELLANT    (U) 

(U)    Fifty pounds of AlHa-l^Sl/Nz^ heterogeneous propellant 
were prepared and shipped to AFRPL,  Edwards,  California.     The in- 
dividual ingredients and preparation procedure should be considered 
in specification preparation for the propellant.    These items are 
discussed below. 

1. Equipment Preparation    (U) 

(u)    All glassware,   containers and other equipment that con- 
tacts the gelled propellant or its ingredients should be passi- 
vated by the cleaning procedure that is outlined in Appendix C.II. 
to prevent contamination of the propellant. 

2. Chemicals    (u) 

(U)    Each of the chemicals that are ingredients in the propel- 
lant should meet the requirements outlined in the following sec- 
tion to ensure propellant stability and storablllty. 

a. Hydrazlne    (U) 

(C)    The propellant grade anhydrous N2H4 (Spec MIL-P26536B) 
should contain no more than 1.0^ and no less than 0.8^ water. 
The aniline content should be no greater than 0.5^.    The methods 
for N2H4 analysis are discussed in Section III.B.l.a.(2). 

b. Polyacrylamide Gelling Agent  (U) 

(U)    The polyacrylamide gelling agent, Dow proprietary com- 
pound, must compare to the agents CD 375-15-54 and/or ST-475-11- 
57B in molecular weight and degree of crosslinking.    The amount 
of hydrolysis should be >0.1j6.    The agent is aried by an anhydrous 
methanol wash.    The agent is washed in approximately three volumes 
of methanol for one volume of agent for 30 minutes with agitation 
in a closed container.    The methanol is removed from the agent by 
filtration.    This is repeated three    times.    The agent is then 
dried under vacuum and stored in a desiccator. 

c. Aluminum Hydride-1451    (C) 

(C)    The Mg-doped AlHa-l^Sl must qualify in chemical purity 
and stability to be classified as propellant grade, with a pre- 
ferred crystal size range of 80-200 fi.   The hydride must be pre- 
treated to improve its stability in N2H4.    The n-butylamlne 
treatment in III.B.2 is recommended.     The treated hydride in 
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combination with Ifem  (40:60  ratio by weight)   should evolve no 
more than 600 cc./lb.   of gas after 500 hours at 6o0C    to produce 
a gelled propellant with a long-term gassing rate in the order 
of 1 x 10 3 cc./lb. min.  at 250C. 

3.     Gel Preparation    (u) 

(C)    The gel is prepared by combining the AIH3-1451 and N8H4 
and gradually adding the polyacrylamide gelling agent with moder- 
ate shear.    The mixing equipment is constructed of glass or other 
materials acceptable for prolonged service with NaH4.    The prep- 
aration is outlined in the following example. 

a. Mixing    (u) 

(C)    The chemicals are handled under a dry nitrogen atmosphere 
The mixer is a modified Sunbeam Mixmaster with Teflon-coated 
beaters that have two of the four blades  removed.    AlHa-l'tSI 
(800 grams)  and N2H4  (1200 grams)   are charged to the mixer and 
are agitated briefly to disperse and wet the solid.    The gelling 
agent  (12 grams)   is added gradually during approximately 5 min- 
utes by sprinkling it on the  liquid surface with the mixing speed 
approximately 120 rpm.     For an additional 25 minutes the gel is 
mixed for ten seconds out of every two minutes at a mixing speed 
of 60 rpm.    The gel is discharged from the mixer by pouring with 
vibration. 

b. Testing    (U) 

(C)     Immediately after mixing, the yield stress is approximate- 
ly 1200-1600 dynes/cm.a.    A final yield stress check should be 
run about 24 hours after mixing to determine if the gel is in the 
700-1500 dynes/cm.2 range that is sufficient to prevent settling 
of the AIH3-14-51.    The density of the gel should be measured as a 
check on the ingredient proportions. 

c. Storage    (U) 

(U)     The gel should be stored in dry,  properly passlvated 
pressure vessel with 10-15$ ullage.    If the gel is stored with 
an ullage greater than 15^,  the NaH* can evaporate and condense 
on the container walls which will eventually alter the gel compo- 
sition.    The 50 pounds of heterogeneous gel that was shipped to 
Edwards Air Force Base was loaded into stainless steel tanks 
furnished by the Air Force.     The tanks had been purged with argon 
for 20 hours while held at 2500C    to dry them after passivation. 
The gel was loaded into the cooled tanks under an inert atmosphere 
of dry nitrogen that was maintained in a glove bag fitted over 
the cyllnger.    The tanks had an ullage of 13-14^ when filled with 
the gel. 
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SECTION IV 

(U)     RECOMMENDATIONS 

(U) 1. The ability to modify Theological properties of the 
hydrazine heterogeneous gels by chemical changes in 
the gelling agent is probably not limited to hydra- 
zine. It is recommended that this technique be in- 
vestigated with hydrazine derivatives and mixed hy- 
drazine fuels where heterogeneous tactical systems 
are of interest. 

(C)    2.    Pretrcatment techniques for aluminum hydride have led 
to extremely stable neat material.    The program in 
this regard was limited and should be further inves- 
tigated to extend the usefulness of aluminum hydride 
in other systems.    This in part is currently being 
studied under Contract P0i)-6ll-68-C-0021.    The use of 
aluminum hydride in other liquid carriers could also 
be investigated. 

(U)    J.    Some physical properties of the heterogeneous system 
change with time,  e.g.,  yield stress.    This phenome- 
non is not fully understood and should be investigat- 
ed further.    It is felt that it is related to the 
rheology of the particular gelling agent,  relaxation 
time,  crosslink density,  etc.    Basic knowledge of 
this type could give better indication of performance 
in long-term storage under varying conditions. 

(U)    4.    The parameters in large scale preparation of the 
heterogeneous system were not fully investigated in 
this program.    Before large scale preparation is at- 
tempted,  a program of study should be initiated to 
determine the effect of various preparation tech- 
niques on physical and chemical stability. 

(U)    5.    It is not felt that the gassing rates presented in 
this study represent the maximum storage potential 
of the propellant.    Further work in dilatometers 
designed for the gassing rate observed would better 
define the maximum stability potential. 
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(U)     Emulsifying Agent Sc: peenlng Sumnary 

Solubility 
HLBa 

Spreading 
Coefficient Asenta water N.H4 Decane Emulsion T^pe 

Esters 
Tween 80 ... ... Insoluble 15.0 — Reaction 
Span SO ... ... Soluble t.s — Reaction 
Tween 65 ... ... Soluble   ... Reaction 
Hodag 150-S ... ... Partially 

soluble     Reaction 
Hodag 100-S ...   Insoluble ... ... Reaction 
Hodag tO-S ...   Partially 

soluble ... ... Reaction 
Pegosperse 600 MS ...   Insoluble ... ... Reaction 
Pegosperse 200 ML ... — Partially 

soluble ... ... Reaction 
Aldosperse L9   ... Insoluble ... ... Reaction 
P.E.a.>>(6000)   dlstearate —.   Insoluble ... ... Reaction 
P.S.Q.   (600)   tnonooleate 0 ... ... Insoluble —. — Reaction 
P.E.O.  (600)  monolaurate —_ ... Partially 

soluble ... ... Reaction 

Ethers 
Ethosperse LA-23 .._ ... ... ... ... o/V 
Ethosperse LA-^ --. ... ... — ... Unstable 
BrlJ 52 Insoluble ... Soluble 3-6 Minus Unstable 
BrlJ 92 Partially 

soluble ... Soluble 3-6 Minus Unstable 
BrlJ 96 Soluble ... Partially 

Boluble 13+ ... ... 
Renex 30 Soluble ... Insoluble 13+ ... ... 
Atlas 0-1690 Soluble   Insoluble 13+ ... ... 
Sterox SK Partially 

soluble ... Insoluble 8-10 ... ... 
Polytergent B-200 Partially 

soluble ... Partially 
soluble 8-10   ... 

Tergltol NP-lt Partially 
soluble ... Soluble -*-T _._ Minus Unstable 

Sulfated lauryl ether of tetra- 
ethylene glyool, Na »alt Soluble   ... 13+ ... ... 

Alcohols and Phenols 
P.0.E.a lauryl alcohol (23 moles EtO) Soluble ... — 13+ ... —. 
P.O.E.  oleyl alcohol (20 niol«» EtO) Soluble ... Partially 

soluble 13+ ... Unstable 
Agrlmul 70-B Partially 

'soluble ... Partially 
soluble 8-10 ... ... 

P.O.E.   tert-ootylphenol  (3 moles EtO) Partially 
soluble ... ... 5-7 ... Unstable 

Renex 6« Partially 
soluble ... Soluble 8-10 Minus ... 

Dowfax 9M Partially 
soluble ... Soluble 6-8 Minus Unstable 

Dowfax 9N9 Soluble Partially 
soluble 

Partially 
soluble 13+ ___   

Hyonlc  PE 30 Partially 
soluble ... Soluble 4-7 Minus Unstable 

Polytergent 0-200 Partially 
soluble 

Partially 
soluble 8-10 ... ... 
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Table XXIV (Contd.) 

(U)    Emulsifying Agent Screening Sumnarj' 

Solubility 
HLBa 

Spreading 
Coefficient Agents Water "iHi Decane Emulsion Type 

Amines and Dlamlnes 

P.O.E. oleyl amlne Partially 
soluble ... Soluble 6.8 W/Öe 

Kitapol PlI-430 Soluble ... Soluble 8-10 Minus   
Armeen 2HT Insoluble -,- Insoluble l-t   Unstable 
Ethomeen S-1S Partially 

soluble   Soluble 6-10 Minus ... 
Atlas 0-3763 Partially 

soluble --- Soluble 8-10 Plus ... 
Duomeen S Insoluble ... Partially 

soluble 3-6 Minus Unstable 
Pormonyte 801 Insoluble ... Soluble 6-8 Minus ... 
L/lam 26 Partially 

s oluble ... Partially 
soluble 6-10 

Tetronlo 701 Soluble ... Insoluble 13+   ... 
N-Soya-ethylenedlamine Insoluble ... — 3-6   Unstable 
Trlethanolanilne oleate Soluble ... ... 10.13   ... 

Amides 

Laurlo aold monoathanolamlde Partially 
soluble   Insoluble 5.7 ___ Unstable 

Olelc acid monolsopropanolamlde Partially 
soluble ... Insoluble 6-8 ... OAI 

P.O.E. oleto amide Partially 
soluble ... Insoluble 8-10 .  Unstable 

Ethomld 0-15 Soluble ... Insoluble 10.13   — 
Prosol 1001A Partially 

soluble — Insoluble 8.10 ... ... 

Sulfates 

Sodium oleyl sulfate Soluble —   10.13   \ 
Ammonium lauryl sulfate Soluble   ... 13+     
Base 136B Soluble ... Insoluble 10-13 ... — 

Sulfonates 

Atlas O-JJOO Partially 

Callmulse DM 

Nlnate 411 

Emcol PIO.57 

Tenlo 400 

Complex Nitrogenous 
Alkaterge C 

Polyglyool IO9.5 
Sarkosyl 0 

Derlphat 160C 
Hodag 0-100-0 

Partially 
soluble 

Soluble Partially 
■oluble 

Soluble 11.7 

Soluble 5-7 

Soluble 9-11 
Partially 
soluble 

Soluble 

Partially 
soluble 

Partially 
s oluble 

Soluble 

Insoluble 

Soluble 

Soluble 

Soluble 

Insoluble 

Partially 
soluble 

8-10 

13+ 

6-8 

4-7 

4-7 

13+ 

3-6 

Plus 

P1U3 

Plus 

Plus 

Plus 

Reaction 

Reaction 

Reaction 

Reaction 

Reaction 

Minus w/o 
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I.     TALIANI METHOD TO TEST THERMAL STABILITY     (U) 

(U)    The Talianl method equipment consists of a Pyrex glass 
sample tube,   connected to a mercury manometer with a glass capil- 
lary tube  containing a three-way stopcock.    All glassware volumes 
have been calibrated accurately by weighing the amount of mercury 
required to fill the assembled glassware.     The total volumes of 
the assembled units  range from 5.16 to 5.86 ml. 

(U)    A  standard cleaning procedure which is listed in the 
following section has been adopted for the Talianl glassware. 
This procedure essentially consists of immersion in caustic and 
acid cleaning batches,  passivation with 50^ IfelU in HaO, distilled 
water rinse,  and drying for 16 hours at 120oC. 

(C)    Samples containing AIH3-1451 and hydrazlne are prepared 
by weighing 0.40 g.  of the hydride into the sample tube and add- 
ing 0.60 ml.   KalU with a 1,00 ml.   syringe.     (Gelled samples will 
be prepared in other containers in the dry box and weighed into 
the Talianl tube.)    To simulate contact with an aluminum storage 
tank,   a piece of Type 2014 aluminum is Included in the Talianl 
tubes.    All loading operations are carried out in a dry box under 
inert nitrogen atmosphere.     Silicone grease is used on all stand- 
ard tapered Joints.     The glassware is assembled in the dry box, 
the  stopcock is closed and the assembled unit is then removed 
from the dry box and placed on the Talianl apparatus.     One half 
hour is allowed for the  sample to come to thermal equilibrium 
with the constant temperature bath before manometer readings are 
taken.     Readings are then taken periodically as necessary and the 
gas pressure in the tubes is relieved approximately every 48 hours, 
or as needed to prevent excessive pressure buildup in the appara- 
tus. 

(C)    The  results of the accelerated compatibility studies at 
elevated temperatures are presented as volume of gas  (cc.)   (cor- 
rected to 25 C    and 1 atm.)  produced per minute per pound of 
propellant containing 40^ AlH3-l451.    A scale  showing percent de- 
composition of A1H3-1451 is Included in the graphs to enable easy 
reference to  standard AlH3-l451 stability data.     These values as- 
sume that all gas is generated by hydride decomposition. 

II.     TALIANI  GLASSWARE CLEANING PROCEDURE    (u) 

(U)    1.     Remove decomposed solids from the Talianl sample 
tube and rinse with water. 

2. Use a test tube brush to loosen remaining solids 
in the sample tube and rinse with water. 

3. Rinse glassware with acetone. 

4. Immerse glassware in Chlorothene® bath for at 
least 16 hours. 
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5. Rinse glassware  with acetone. 

6. Immerse glassware In a caustic bath for at least 
16 hours. 

7. Rinse glassware with water. 

8. Immerse glassware in a chromic acid bath for at 
least 16 hours. 

9. Rinse glassware with water. 

10. Rinse glassware with distilled water. 

11. Immerse glassware in a 50^ NaH4 In IfeO solution 
for at least 16 hours. 

12. Rinse glassware with distilled water. 

13. Dry glassware in an oven at 120oC   for at least 
16 hours. 

III.     GLASS DILATOMETER (4)     (u) 

(U) The equipment for the glass dilatometer thermal stabil- 
ity test consists of an all Pyrex glass system which is a sample 
chamber attached to p capillary manometer that is fitted with an 
expansion chamber, (see Figure 25). The sample bulb is calibrated 
accurately by weighing the amount of mercury that is required to 
fill the chamber to the Joint between the chamber and the over- 
head tubing. 

(U)    The unit is cleaned by the standard cleaning process. 
Appendix C,  Section II.     The dilatometer unit plus syringe caps 
on the tubing ends is weighed before placing in the dry box. 

(U)    The gelled sample is prepared in another container in a 
dry box and is then transferred to the dilatometer,  still under 
the inert nitrogen atmosphere of the dry box.    Approximately 100 
cc.  of sample Is placed in the sample bulb through the glass 
tubing with a 100 cc.   syringe equipped with a very long Nr.   15 
needle.    The dilatometer is capped and is removed from the dry 
box.    The unit is reweighed to determine the amount of gel that 
is being tested. 

(U)    Mercury is introduced into the capillary with a syringe 
and long needle and the unit is then sealed after cooling in an 
ice bath.    A meter stick is attached to the longer capillary sec- 
tion, the dilatometer is'placed in a controlled temperature cham- 
ber to equilibrate.    The test is begun when the levels of mercury 
in the manometer reach equilibrium (8-16 hours). 

(C)    The results of the stability test are presented as vol- 
ume of gas (cc.)   (corrected to 250C      and 1 atm.) produced per 
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minute per pound of propellant containing 4C# AIH3-1451.    A scale 
showing percent decomposition of AIH3-1451 is included in the 
graphs to enable easy reference to standard AIH3-1451 stability 
data.    These values assume that all gas is generated by hydride 
decomposition. 

IV.     DENSITY MEASUREMENT    (U) 

(U)    The density of the propellant was measured by a pycnomet- 
ric technique utilizing a layer of mineral oil to adjust to a 
standard volume.    Mineral oil is added to a weighed sample of 
propellant in a ground-glass stoppered, 25-ml.    volumetric flask 
to adjust the volume to the calibration mark.    The standard vol- 
ume of the flask,  less the volume occupied by the propellant 
sample, is the volume used to calculate the sample density.    The 
precision and uncertainty among sample measurements are 0.003 « / 
oc.    The density of the propellant is determined in accordance 
with Items A through B below with the following equipment: 

(a) Flask,  volumetric. 25 ml.  calibrated at 770p    (250C.) 
witn stanaara ground-glass stoppers, 5 required. 

(b) Water bath, temperature regulated at 770F    ± 0.2oP    (250C ) 

(c) ^"aly^cal balance,  sensitivity 0.5 mg.  (a rapid-weighing 
Mettler or sartorius balance Is recommended). 

(d) Eye dropper,  common laboratory type. 

(e) Mineral oil, accurately measured density at 770F (250C ), 
one quart required. Nujol, from Plough, Inc., Los Angeles 
California. 

A. Preparation (u) 

(U)    Thoroughly clean and dry the 25-ml.  volumetric (density) 
flasks, including new flasks.    The standard chromic acid cleaning 
solution is recommended, followed by five distilled water rinsesT 
two rinses with methanol, and drying in oven or with a stream of 
gaseous nitrogen. 

(U)    Immediately prior to use, number the three density flasks 
and stoppers, purge with gaseous nitrogen and stopper each.    Lub- 
ricant shall not be used with the glass stopper. 

B. Procedure    (u) 

(ü) Weigh the empty, stoppered density flasks on an analyti- 
cal balance and record the weight of each flask as the tare weight, 
W urn* 

(U)    Place the propellant sample in the bottom of the density 
flask with a pipette, or allow to flow in under pressure through 
a 1/4 inch stainless steel tube inserted down the neck of the flask. 
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The sample size shall be sufficient to fill about three-fourths 
of the body of the flask. The recommended technique for admitting 
the sample into the flask is to extend the tube close to the bot- 
tom, and allow material to slowly flow out, and carefully raise 
the tube so the tube end is constantly at the surface of the 
material in the flask. This technique helps to minimize entrapped 
bubbles in the sample and it ensures that the outside of the de- 
livery tube is not covered with sample material that can rub off 
onto the neck of the density flask and contribute to a volume 
•rror. When material accldently contacts the neck of the flask, 
remove material with a cotton-dipped swab. Stopper the density 
flasks Immediately after filling. 

(U) Weigh the density flask containing samples and record 
the weights as tare plus sample weight, Wt^s- 

(U)  Add mineral oil on top of the sample with an eye dropper 
to a level about 5 mm. beneath the calibration mark, and stopper 
the flask. Wipe the outside of the eye dropper with a paper tis- 
sue each time before it is inserted into the neck of the flask to 
prevent oil from rubbing off the dropper onto the neck of the 
flask above the calibration mark.  Immerse the density flasks to 
the level of the calibration mark in a water bath regulated at 
770F ± 0.20P (250C ± O.rc ). 

(U)  After two hours, remove the flasks from the water bath 
and, with an eye dropper. Immediately add mineral oil dropwise to 
the contents to adjust the level to the calibration mark. Stopper 
the flask. 

(U) Weigh the density flasks for the third time, and record 
the weight of the flask plus sample plus mineral oil at WtTS0. 

C. Cleaning (U) 

(U)  Purge the density flasks with water through a l/4-lnch 
tube Inserted through the flask neck. The flushing water will 
carry the bulk of the sample out of the flask, and the residue 
can be easily removed after adding a proper solvent to the flask 
to break the gel or emulsion. Caution; Waste propellant samples 
shall be combined with at least 10 volumes of water and always 
stored in an open container prior to disposal. 

D. Calculations    (U) 

(U)    Calculate the density of the propellant samples with the 
following equations: 

^    . ,41 WtTS0       WTTS Volume of mineral oil,  cc. =  g  
o 

(WtTS -wtT^  
Sample density,  g./cc. = (gg.flo - vol.  ofmln.  oil) 
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Where: WtT, g. - Tare weight of density flask. 

W*TS» 8- ■ Weight of density flask plus sample. 

Wtjso, g* ■ Weight of density flask plus sample 
plus mineral oil. 

d , g./cc. - Density TT'F (250C ) of mineral 
0        oil. 

(U) Calculate sample densities to four significant figures. 
Report the arlthmetrlc mean of the three sample densities as the 
measured density, 770P (250C ), g./cc. 

(U) The precision of the three measurements (average devia- 
tion from the mean) is obtained by totaling the difference of 
each from the arithmetic mean and dividing the sum by three. 
The precision shall be affixed within parentheses to the reported 
measured density. 

V.  YIELD STRESS MEASUREMENTS (U) 

(U) Yield stress was determined by two methods, with the 
microcapillary and rising sphere rheometers. 

A. Microcapillary Rheometer (ü) 

(U)    For selective screening and most final characterizations, 
field stress was determined with the microcapillary rheometer 
see Figure 26). 

(U)    The sample is loaded into a 5-ml.  syringe.    The syringe 
is coupled to the stainless steel capillary with a short piece of 
plastic tubing (1-2 cm.).    The sample is transferred from the 
syringe to the capillary.    After the syringe is separated from 
the capillary,  excess gel is cleaned from the ends of the capil- 
lary so that the sample Is flush with the ends. 

(U)    The capillary is attached to the pressure source.    Pres- 
sure (0-5 psig.) is placed on the end of the capillary in small 
Increments,    me end of the capillary that is open to atmospheric 
pressure is observed for the first movement of the sample In flow. 
The manometer stopcock is closed when movement Is detected.    The 
pressure is read from the manometer and the yield stress is cal- 
culated using the geometry of the capillary.    The yield stress 
(a)  is equal to the differential pressure (Ap)  across the capil- 
lary multiplied by the capillary radius (R)  and divided by twice 
the capillary length (L).  o - ApR/2L. 

B. Rieing Sphere Rheometer    (U) 

(U)    Yield values in liquids and gels can be determined by 
shearing the material at different rates in a suitably designed 
rheometer and measuring the accompanying shear stress.    A flow 
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curve Is then constructed by plotting the rate of shear against the 
shear stress. If the material possesses a yield value, extrapola- 
tion of the flow curve to a zero rate of shear Intersects the stress 
axis at a point away from the origin. This point Is taken as the 
yield value of the material. 

(u) The rising sphere rheometer measures the yield stress be- 
cause it Is believed that it applies a stress to the sample under 
static conditions or at such a small rate of strain that static 
conditions are approached. 

(U) The rising sphere method, originally developed by McVean 
and Mattocks (8) for viscoelastic liquids, consists essentially of 
measuring the force required to pull a sphere of known diameter 
through the test material. A stainless steel sphere is used to 
strain a gel sample to the limit at which the gel structure yields 
and the flow condition commences. The strain force applied from 
the surface of the sphere Is measured by a strain gauge, and the 
output is recorded on a strip chart. A photograph of the assem- 
bled equipment is shown in Figure 27. 

(U) A sample of adequate size of the material to be tested 
is prepared and placed into a suitable container. OTie container 
is designed to reduce or eliminate the evaporation of the solvent, 
and maintain an inert gas over the sample, and allow the yield 
stress to be measured. The sample should be measured at a con- 
stant temperature of about 250C , controlled to ±0.1eC , and main- 
tained by means of a constant temperature bath or other suitable 
equipment. 

(U) The sphere is centered within the test material, while 
being supported from the strain gauge; to assist in the alignment 
of the sample, sphere, and strain gauge, positioning Jigs can be 
used. All measurements begin after the sphere is raised about 
l/2 inch above the bottom of the sample and left at this position 
for a minimum of 15 minutes. 

(U) The sphere is then raised by means of a calibrated Instron 
Tester or other suitable device through the sample at a constant 
rate of 2.3 x 10'3 cm./sec. The restraining force on the sphere 
is measured. When a steady rate of shear (as witnessed by a lev- 
eling off of the force reading) has been achieved, the movement 
of the sphere can be stopped. Another rest period with additional 
measurements may follow. The shear rate is plotted against the 
stress and the curve extrapolated from the low shear rate end to 
zero dhear. 

(U) The maximum strain force, F, in grams, is used in 
the calculations of yield stress.  The "corrected weight" of the 
sphere is calculated by subtracting the buoyancy effect of the 
sample on the sphere from the weight of the sphere in air. Cor- 
rected weight, gm. = (Wt. of sphere, gm.) - (Volume of sphere, 
cm.3) x density of sample, gm./cm.3. 
v4-i-i »*«-»„ ,*,„.«.,/„„ 2  (F-Corr. Wt.) gm. x 980 dynes/ 
Yield stress, dynes/cm. > > Surface Area of Sphere, cm. 
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ti «MTMCT in an integrated program, a bigniy promising Heterogeneous 
metallized propellant of LMH-l/NaH* which Is stable,  storable and has 
desirable rheologlcal properties has been developed.    Chemical stabil 
Ity and physical Integrity,  combined with ease of preparation, make 
this system especially attractive. 

The thermal stability and gas generation characteristics of 
LMH-I/N2H4 formulations were studied and one-year storablllty data 
were obtained. Major advances In LMH-1 technology have produced very 
substantial Improvements In Its stability. However, the stability 
of the best LMH-1 has been found to further enhanced by propellant 
grade hydrazlne. Pretreatment of LMH-1 with n-butylamlne at control 
led temperature and moisture conditions have been found to be effec- 
tive In minimizing Initial gas generation and In long-term stabiliza- 
tion of LMH-1 in hydrazlne formulations. A wide variety of gel and 
emulsions systems was investigated,which led to the selection of 
polyaorylamides for the heterogeneous system. This gelling agent in 
combination with 4o£ LMH-1 and 6o£ hydrazlne produced a thixotropic 
heterogeneous propellant which exhibited a suitable yield stress and 
retained excellent physical integrity under vibrational and gravita- 
tional forces. The cohesive propellant developed was found to posses 
engineering properties which are desirable in heterogeneous propel- 

ellant^JMBLprepared and sent to the AFRPL lants.    Fifty pounds of propellantMuaorepa 
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L omanutnna»ernym. Bumu»MMMi 

PMMM ••twMy •• SlMV MfMAMMMt (t909ttl0 MMMQ iMMI 
UMNpM. 
>•. nvetrrneuarTCLMancATioHi SMMM^M 

■"• -----   mi,!!«   Makta! I« M k* I* «•«* 

«IIMIaOrttOt- AMMMU* «mtM«* 
fMUvt llHblO Mtf AHMi PtVCM iMMMtl I 
Mt MI» narkM.  AIM. VIM ■t^Utakto, MM« IkM «UWMI 
—nm» km kM* UM* tar Otiin I tt Omß 4 ■■ ■ttkv 
M* 
S.  MVOrriTTLSi   ■«« Ik* •M«IM* H*M tM* U lU 
c^iui MMtb TMM la Ml «MM •ImM to mtlm¥H»t, 
M * MMMkl IM* «MUM to MlMM« MlkM tlMtill*» 
it»«. •kM «Id* diMlllmUM I« all «»Hate In nwwkwU 

4. OBHJIVIIVB HOm II ^ji t$iim; «Mt HM <|n •( 
it»«!, »». MHtia, »w#—. —■ry, «—nl. at IM). 
OIM tin UKlMlv« 4MM «MM • iM*«e MMMat H«t»< I« 

I. AUTHDW»  t««t Ik« HM(«) «I <Mtoi(«) M «kn« m 
•tl«lto««p«i. I««r l«M «MM, (IrM «MM. atM« IIIIMM. 
II aUttanr, «km iMk mt kn—k «I Mtvl«. Tkt «MM •# 
MM »tkMlMi «Mtot 1« M «MM«« 11— mMiitw. 
«. SSMIITOATIi  tM« tto 4M« «f Ik« n»«l M «■*, 
•MMK VMT, «t MMk, IWM II «■>• IkM «M MM Hilitl 
M Ik« MMM. «M *t» «I fnkllcMtolk 
T«. TOTAL MnMR or Mon TM IMM »«•« «««M 
•kmM Ml«« MMM P«(I«MIM H«C«<M««. I.«., ««Mr Ik« 
nmtot «I MtM nMaiiiU« mwMM* 
n. mnain or MBFBiiBNcu SMM IM IMM —*«t «t 
>«f«rm«M t»t4 M ik« nem. 
•«.   CONTKACT O« OKANT HW«n:   It «fmclaw. «M«r 
Ik* i|*lle«M« nmtot «I Ik« «««MM or IMM mt* «AMk 
Ik« Mf«fl »M «Hn«« 
M, tc. kM. mOJWTNIMSBK Mw Ik« •WHftIM« 
•lIMIMT **M«WM MMlllficMiM. «wK «• «n|««l laatot, 
«■to«!««! •«"*•». «rM>« ■«■>»■, IMk »«Mil. «M. 
»«. oMomATCwf esKer miMesmn: M«iiM«m- 
cIM HM« Mmtot kf «Mck Ik« MnuMM «III to IMMMM 
«M ci>Mr«ll«4 b» Ik« wl«l«MI«f acllvlly.   TM« Mlrtll «MM 
k« um««« <• '•>•• ifn. 
«k. OTHR* KBPOST HVMenKt); II Ik« n«M kw MM 
•nlfuM my «ikw MM" «—tow (Mhu ky ik« «MilMMr 
«r kr MM •»•"••»'■ «IM «m«f ikl« «uatort«). 

M. AVMLMUTV/UMnATIOM MOTICn BMW M» 11» 
MWMM M tttor 4lii««iM«IM« «t Ik« WMM. «»«t ik«« ik«( 
top«M4 to MMMy MMMStMM«, Mini 

(1)   «QMIMM f««MMn mr akMla c«»tM «I Ikt« 
tMMIfMMSOC'* 

(S   -fmkm tmmtmum MM «UMIMMM «I IM« 
NBM kf BBC Im m iMtoiHii " 

M   "U t. OM—Mi tftMlM an «SMla «»l«« •' 
"      «H« M*«t «»Kir to« 00C. ÖMMt MMItlM DOC 

(4>   "U. *. MIIHtr iflMWlM mmt 
NMH *aMif *M DOC OH 

«kW «ifl«« «ma» 

(i)   "AUSMMtoUMallMsNpMM 
UM MC «•«•• «tall t«M«M Dm«!» 

U «M MM" to« MM hiM«k«« t« ik« O 
fcwtMi. Pttmmm «lOiMnm. •«» ■■>• 
«M«lM«l««IMM«Mitlk«kflH. UkMMk 
IL «im.BMBNTAIiy NOTBk  UM tot 

OMIU «I TntolcM 
9v IRV ^tBlIC« MflV1 

tt, voMoeim muTADT Acnvtrv! BMM ik« ««M «i 
MM ADMMMMIpnl««!«ltl««»tl«k«iM«ty ■;I«MII«BfMr 

11. AMTBACT' BMW M •Mlnrl (ivln« « kcMf «M ItrlMl 
•MMWfy M Ito Mean«« MMcMiw «I HM MM«, MM itoagk 
It «My «IM •M««' «lM«li«n I« ik* k«4f «f Ik« Mctolnl i*- 
pmi.   U «MUMMl «M» '• I'M»*«. « ««MUMMIM «MM 
•ton to MMckM. 

k M kltkly M«lr«M« ihu'iM «kMracI «I cl«««ilM n- 
M"« to »«el«««««««!. BKH M'Mwh «f ito «tomti «toll 
•M «Hk M IwUckllM M Ik* mlit«nr «Mutll» <l««un«MlM 
«f Ito MtofMII«« l« Ik* iXfMtaph. r>|><««*M*<l at (71). ($>. 
rcj.«tW). 

TtoMMmllnllMlMmiik* iHMk «f ito«k«ncl.  Hm 
•Mt. MM «attMiM toiwih I« htm tM i« m «afM. 
14. BIT MRDB:  Bn ««M« at* i*rkiM«llv ««mlatl»! i*ma 
at ato" «kraMa IkM tkaMMati«* • MM" «M «MV to aa*4 aa 
IMM aaltlM r«t c«t«l««iM ito MM". B»» ««tto MMI to 
Ml«««* M IkM M aMWlli clMailicMlM la nqmn*   Mm- 
flan, awk H «MIMMM M4*I «MIMMIM. II«4* una. «ill 
i«nr fn|«ct c«4* MIW. «Mwatklc IMMIM. «a» to uaM •• 
to» «MM« kM «III to li>n««M kv a« M4tcMIM «I tadnlial 
««waai. Tto M«WM<*«I •>( lii*«. 'MM. ««4 MiaMa i« 
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