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FOREWORD

(U) This report is the final report on Contract No. AF 04(611) -11404 under
which United Technology Center (UTC) has conducted a program to evaluate
the high-energy NFZ binder, PBEP, in prototype propellant formulations.
This report covers the experimental work conducted at UTC's Sunnyvale,4
California, research laboratories during the period i March 1966 to
28 February 1967. The work performed under this project is in response
to requirements of AFFTC Project 3148, Program Element No. 62405184,
BPSN 623148. The AFRPL project engineer is Mr. F. Roberto, AFRPL,
Edwards Air Force Base, California.

(U) Classified information has been extracted from (asterisked) documents
listed under References on page 75.

(U) Publication of this report does not constitute Air Force approval of
the findings or conclusions presented herein. It is published only for the
exchange and stimulation of ideas.

a

(U) This technical report has been reviewed and approved.

Col. W. H. Ebelke
Chief, Propellant Division
AFRPL
Edwards Air Force Base, California

p
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ABSTRACT

(U) The high-energy binder, PBEP, has been evaluated in prototype pro-
pellant formulations. Cure problems encountered have been resolved by
introducing changes in the original process variables. There appears to be
no basic incompatibility between AlH3 and the PBEP/TVOPA binder system.
A 100-g motor has been successfully fired based on these ingredients with
AP as oxidizer. Good cures were obtained on AIH 3 propellant with a high
binder level with one ambient cured formulation giving a stress of IZ psi
and strain of 521o. Surveillance studies of 2-in. cubes of propellant have
indicated that DBTDA cure catalyst may have better aging characteristics
than a cube with FeAA cure catalyst, although the two cubes did contain
different PBEP lots. HAP appears to be compatible in either the NF2
binder/Al system or NFZ binder/AlIH 3 system. Samples of these formula-
tions have been stored for several months under dry conditions with no
signs of dcterioration.
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ABBREVIATIONS AND SYMBOLS

1,2, 6-HT 1,2, 6 -hexanetrjol

Al aluminum

AlH 3  aluminum hydride

A12 03  aluminum oxide

AP axnmonium perchiorate

ARC Altantic Research Corporation

Be beryllium

BeH2  beryllium hydride

BTU bis(tris(difluoramino)]methyl urea (C)

Bu2 SnAc2  dibutyltin diacetate

* CT carboxy terminated

�BP dibutyl phthalate
DBTDA dibutyltin diacetate I
DMM 3,3' -dimethyldiphenylmethane�4, 4'-diisocyanate

DTA differential thermal analysis

FeAA ferric acetylacetonate

Fe2 O3  ferric oxide

HAP hydroxylamine perchlorate

H1 2 MDI dicyc lohexylmethane -4,4' -diisocyanate

HP-2 hydrazine diperchlorate

HPE hexakis (difluoramino)propyl ether (C)

ICRPG Interagency Chemical Rocket Propulsion Group

JANAF Joint Army-Navy-Air Force

LiF lithium fluoride

Mg magnesium

MgO magnesium oxide
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ABBREVIATIONS AND SYMBOLS (Continued)

N2  nitrogen

N2 F 4  tetrafluorohydrazine

NFZ difluoramino group

NP nitronium perchiorate

OPE 1,2 bis 2,2, 3-tris(difluaramino)propoxy

1, 2 -bis difluoramino ethane (C)

PBAA/ AN polybutadiene -acrylic acid -ac rylot~itr ile

PBEP poly~l.l Z -bis (difluor amino) 2, 3-epoxy propane] (C)

QMB-3 tetrarnethyl ammonium hydrotriborate, aproductof Callery
Chemical Company
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TDI tolylene diisocyanate
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TVOPA 1, 2, 3.-tri s f, z -bis(dilluor arino)vinoxy] pr opane (C)

UTC United Technology Center

VOAA vanadyl ac etylac etonate

XL crosslink ed
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SECTION I

INTRODUCTION

I. PROGRAM SCOPE

(C) Under Contract No. AF 04(611)-11404, UTC has conducted a research
program to evaluate a high-energy NF? binder in both metallized and non-
metallized propellants oxidized by conventional and high-energy oxidizers.
The purpose of the program was the extension of the utility of PBEPbinder
with state-of-the-art fuels and advanced fuels to yield advanced propellants
of high performance, high density, and high-performance efficiency. In
addition to these objectives, the program was also designed to develop a
high burning rate NF 2 propellant and to provide test data on the stability of
NF 2 propellants. Work under this contract began on I March 1966.

(C) The program was divided into three phases. Phase I was concerned
with the development of propellants with aluminum and boron as fuels.
Phase II was devoted to the exploitation of the PBEP binder as a high-energy
replacement for existing high-performance systems. Aluminum hydride
was formulated with a variety of oxidizers and plasticizers. Phase ILIwas
devoted to the development of techniques for measuring the stability of NFZ
propellants and for the characterization of these propellants using mano-
metric and physical deterioration measurements.

(C) The primary goals of this work were:

A. Development of a boron and aluminum propellant with
a theoretical impulse of 300 sec

B. Development of a propellant with an impulse greater
than current state of the art (265 sec) and a density
greater than 0. 065 lb/in. 3

C. Development of a propellant with a burning rate of
from 1. 0 to 10.0 in. /sec at 1, 000 psi.

D. Obtain data on the long-term aging stability of
Domino propellants based on the PBEP binder.

2. REPORT STATUS

(U) This final report covers the experimental work performed during
the year I March 1966 to 28 February 1967.

CONFIDENTIAL
• . • ., 2 " I
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SECTION II

TECHNICAL DISCUSSION

(C) PBEP is prepared by Shell Chemical Co, by the direct addition of
to the unsaturated carbon-to-carbon dotible bonds in dehydrdchlorln-

ated polyepichlorohydrin which has been glycerol initiated. PBEP is a
tan-colored, highly viscous polymer with a typical molecular weight in the
range of 3,600 to 4,500. The specific gravity at 25*C of a typical pre-
polymer is 1. 58 g/cc. The typical analysis is:

Carbon 25.8%
Hydrogen 3.6%
Nitrogen i5.6% 7
Fluorine 40.90%9
Difluoramwo groups 58.0%01
Equivalent wt OH/i0Og 0.040

(C) Successful formulation of PBEP propellants is dependent upon the
use of plasticizers to lower the viscosity of the prepolymer. The polymer
may be cured successfully with a diisocyanate used in conjunction with a
crosslinker such as 1, 2, 6-hexanetriol or glycerol.

1. THEORETICAL CALCULATIONS

(C) The calculation conventions used at UTC are those used previously
under Air Force Contract No. AF 04(611)-10540. (M* A calculated heat of
formation of -43. 675 kcal/100g based on the elemental analysis of a cross-
linked PBEP binder as reported by Shell Development Co.(Z) is now used
in all performance calculations. This lowers the NF 2 content and results
in a more negative heat of formation. The term "PBEP XL' refers
to the crosslinked binder. The heat of formation used for TVOPA is
-£99.45 kcal/mole.

a. Aluminum Systems

(C) The performance of aluminum in the AP-oxidized PBEP XL/
TVOPA binder is shown in figure i. The peak performance occurs
at 15 wt-% aluminum in a very fluid area of high binder content.

* Superscript numbers denote references appearing on page

3

CONFIDENTIAL
•"•T' • °••~ ~ 7i. -,:2 •:•• 7 ' : •-::F 7 !. • . . : . . . . .. •:• " ; :?•i-:• : •• i ' •. . ... ,- : • .•



UTC 2200-FR CONFI DENTIAL

ofI~

US,

0.0

00

> 04

M0

V4.

'34

0<

II

4

CONFI DENTIAL



CONFIDENTIAL

The density of this composition is approximately 0. 068 lb/in?
The theoretical specific impulse of the peak is 272 sec. Substi-
tution of OPE for TVOPA gives approximately a 5-sec impulse
improvement. With OPE's high density (1. 713 g/cc) this system
appears very attractive with propellant densities in the 0. 067 to
0. 069/in? region.

(C) The use of an energetic nondifluoramino oxidizer is shown
in figure 2, where HP-2 has been substituted for AP in the
PBEP XL binder. The system reaches a peak performance of
274. 1 sec at 10 wt-% aluminum with a density of 0. 070 lb/in.3

The use of HAP oxidizer increases the peak theoretical impulse
to 274 sec, as shown in figure 3. No density improvement at
peak performance is obtained with HAP even though it has a
higher density than AP. This is because of the lower oxidizer
requirements in the HAP system. However, a density of
0. 070 lb/in? can be obtained at an impulse of 272 sec.

(C) The use of a difluoramino oxidizer such as BTU with the
aluminum system requires AP or a similar source oi working
fluid because the other three constituents are poor in hydrogen.
The BTU/AP/A1 systems peak between 5 wt-%0 and 10 wt-%/
aluminum at a value of approximately 289 sec. However,
because of the extreme sensitivity of BTU, its application is
highly questionable.

b. Aluminum Hydride as Fuel

(C) Aluminum hydride in the AP-oxidizer PBEP XL system
peaks in an unprocessable region. If the composition is chosen
on the ternary, shown in figure 4, at the intersection oA the
25 vol-%0 binder line and the 25 wt-76 AlH3 line,' the theoretical
performance is 287 sec. The density of this composition is
approximately 0. 0615 in. /sec? As might be expected, the
addition of HP-2 or HAP will increase this performance. Fig-
ure 5 illustrates the effect of substituting HAP for AP in this
system. The performance at this same intersection is now
about 292 sec, a gain of 5 sec, and the density of the composi-
tion is now 0. 0632 lb/in.3

*(C) The choice of 25 wt-%0 AJ.H3 as the fuel level is influenced by the
performance efficiencies experienced in AP-CHON system under Con-
tract No. AF 04(611)-9570. However, the higher efficiencies achieved
in the Al-AP-PBEP system suggest that higher AlH 3 contents without
loss of efficiency are possible.

CONFIDENTIAL
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(C) Because the location of this intersection is influenced
positively by the density of the solid phase, the use of the more
dense HP-2 should add another second to the value of this
intersection.

c. Beryllium and Beryllium Hydride

(C) Both beryllium and beryllium hydride are of special inter-
est in view of the reasonable probability that higher combustion
efficiencies can be achieved with these materials in NF 2 systems.
The performance of beryllium in an AP-oxidized PBEP XL binder
is shown in figure 6. The system peaks at 290+ sec with a metal
content of 15 wt-%. The density of this formulation is about
0. 0630 lb/in.3 The addition of HAP or HP-Z to this system
should result in a peak of approximately Z94 sec.

(C) The performance of BeHz in an AP-oxidizer PBEP XL
binder, figure 7, seeks a peak in areas of unprocessability.
However, using the density of crystalline beryllium hydride of
the type now prepared by Ethyl Corporation, and pocessing at
25 vol-76 binder, a performance of 315 sec at a level of 22 wt-7/
hydride appears possible.

2. PBEP AND PBEP PROPELLANT STABILITY STUDIES

(U) The thermal stability of PBEP and PBEP propellants have beexl tested
by mass spectrograph, DTA, TGA and other methods. Propellant surveil-
lance samples indicate that FeAA cure catalyst may be more unstable in
propellant than the DBTDA catalyst.

a. PBEP Decomposition Study by Mass Spectrograph

(U) The gaseous decomposition products of PBEP were iden-
tified by mass spectrographic analysis of the gaseous products
from the decomposition of PBEP at 70° to 85*C. Pressure
changes at these temperatures correlated with decomposition
observed previously in TGA analysis. The heated PBEP sample
had darkened with an increase in volume caused, perhaps, by
trapped gases.

(C) The mass spectrum of the gas sample was obtained with
a CEC Model Zi-103C mass spectrometer by Stanford Research
Institute. The-results are listed below. Quasi-quantitative
values are given only to indicate relative orders of abundance.

10
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Component Mol-% Component Mol-%

H2  48 CO 2  4

HO 1 4 Air 7
2

4CO I C6H (branched) 3
N1 C H# CO 1C 1 4

CH2 Cl 8 HF 0.1

Unidentified 1

The gas was also sampled after evacuation at liquid nitrogen
temperature, but the spectrum showed no difference except in
the loss of hydrogen and air.

(U) The lack of HF concurrent with the high percentage of H2

probably results from the interaction of HF with the steel walls
of the container. The presence of the branched hydrocarbon as
well as CO 2 , and possible C2 H4 and CO, indicates some degra-
dation of the polymer backbone. No NF 2 -containing material
was found.

b. Effect of Cure Ingredients

(C) DTA results indicated that addition of a large percentage
of the cure additives FeAA, TDI, and 1, 2, 6-hexanetriol decreases
the stability of PBEP. Of the several propellant ingredients
tested with PBEP, 1, 2,6-HT, FeAA, and Bu 2 SnAc2 showed the
least compatibility under higher temperature conditions. The
onset of the mixture of 1,2,6-HT and PBEP as compared to that
of pure PBEP was lowered from 146 * to 111 "C and the first
major exotherm from 2040 to 153"C. FeAA and Bu SnAc gave
onsets that were lowered by about 50"C. The least incompati-
bility was exhibited by TDI and PBEP with very little change in
either the onset or first exotherm peak. These materials were
tested at a 25% level which exaggerates any incompatibility that
might be found under normal conditions where only a small per.
centage of the material is actually used.

(U) Based on the DTA results, PBEP lot 9165-107 samples
with these additives were conditioned at 45 "C and the weight
losses measured. The effect of the urethane linkages on sta-
bility were evaluated by adding the urethanes of methyl alcohol
and TDI and DDI were added to PBEP. As shown in table I,
there is evidence that the urethane linkage causes some
instability.

'13
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TABLE I

(U) EFFECT OF CURE ADDITIVES ON PBEP STABILITY

68 Days at 45 °C

Wt Loss, %

PBEP neat 1) 2.34 Z) 2. 37

PBEP t i00i,Z,6-HT 8.01

PBEP + I0% FeAA 8.82

PBEP + 10% TDI 14.39

PBEP + 100 (MeOH + DDI urethane) 3.62

PBEP + 106 (MeOH + TDI urethane) 4. 75

(U) The large weight loss with TDI possibly is caused by vola-
tilization of the excess TDI. The apparent instability induced
by the urethanes Is, -however, significantly less than that induced

by excess FeAA or 1, Z, 6-HT.

c. Stabilizing PBEP by Additives

(C) UTC has conducted DTA tests to screen possible candidate
stabilizers. Based on the results of the DTA tests, a number of
candidate stabilizers were chosen for screening in accelerated
aging tests. Table II lists the results of these tests conducted
for 7Z days at 45 *C. Tricresyl phosphate was found to be the
best stabilizer followed by resorcinol and Ca 3 PO 4 .

(C) Other samples containing 2% urea, LiF, or sulfur were
conditioned at 60°C for IiI days. The results in table III show
that there is some improvement with sulfur. Urea and LiF,
which are candidate burning rate modifiers and/or stabilizers,
were found to be ineffective as stabilizers.

d. Effect of Burning Rate Catalysts on Stability

(U) Weight loss measurements made of samples of UTX 8407
with 116 of each of four burning rate catalysts are shown in
table IV. All of these accelerated the decomposition loss rate.
Cured PBEP/TVOPA binder and cured PBEP samples also were
tested for comparison purposes.

t4
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TABLE II

(U) EFFECT OF SELECTED STABILIZERS

ON PERCENT WEIGHT LOSS

Exposure Time = 7? Days at 45 °C

Order of 0. 516 Additive to
Effectiveness Basic UTX 8407 Formulation Wt Loss, %

/
1 Tricresyl phosphate 0.49

2 Resorcinol 1.17

3 Ca 3 (PO4 )z 1.18

4 K3PO4 1.31

5 Na 3SeO3 1.34
6 No additive (UTX 8407) 1.35

7 Sodium barbituate 1.37

8 Tetrabromophthalic anahydride 1.51

9 Na3 PO4 1.53

TABLE III

(U) EFFECT OF STABILIZERS AT ELEVATED TEMPERATURES

lit Days at 60.C

Wt-%4 Lost, ,

UTX 8407 8.89

UTX 8407 + 21% S 6.42

UTX 8407 + 2% urea 9.04

UTX 8407 + Z% LiF 10.19
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TABLE IV

(U) EFFECT OF BURNING RATE CATALYSTS ON STABILITY

67 Days at Ambient Temperature

Wt-% Lost, %

UTX 8407 0. iz

UTX 8407 + 1% milori blue 0.38

UTX 8407 + 1i Fe 0 0.62
2 3

UTX 8407 + i% Fe30 0.65
*304

UTX 8407 + 11% Cu2O2 0.71

PBEP + TVOPA 50/50 (cured) 0. 34

PBEP (cured withough TVOPA) 1. 95

e. Surveillance Study

(U) The surveillance schedule includes six 1-lb motors stored
at ambient temperature and fired every 3 months. The schedule
also includes microtensile specimens stored at ambient for
2 years and at 35 C for 1 year. Several 2-in. cubes are in stor-
age at 35 C with any deterioration being followed by X-ray
analysis.

(U) The measured physical property data listed in table V from
samples of UTX 8422 stored at 35 *C for 150 days gave a tensile
value of 192 psi* and 261 elongation. These are equivalent to
values obtained after 108 days at 35 C, which had a tensile of
197 psi and elongation of 25%0. Although a cube of this formula-
tion showed some gassing between 60 and 80 days at this
temperature, the physical properties indicate no polymer dete-
rioration after 150 days. A 2-in. cube of UTX 8423 formulation,
listed in table VI, which contained DBTDA instead of FeAA as a.
cure catalyst and a different lot of PBEP than UTX 8422 did not
gas after 108 days at 35*C.

* All tensile strength and elongation values gives in this report are true
values, reduced from crosshead values using bonded extension gauges.
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TABLE V

(U) SURVEILLANCE DATA(1

Formulation True Tensile Data Storage Storage
Number Elongation, % Tensile, psi Temperature, °C Time, days

UTX 8422 23 130 Ambient 0

UTX 8422 2Z 222 Ambient 90

UTX 8422 24 215' 35 60

UTX 8422 25 197 35 108

UTX 8422 26 192 35 150

(A)The cure catalyst was FeAA, and the PBEP lot in all formulations
was 9557-84.

(C) Additional cubes have been placed in storage, one contain-
ing 0. 5% tricresyl phosphate as stabilizer and one of an NFPA
formulation. The other cubes are duplicates of the first cubes
using, however, a DMM and DBTDA cure system.

(C) Several i-lb motors are in storage at ambient tempera-
ture. One motor has been fired after 3 months storage. The
motor gave a burning rate of 1. 29 in. /sec at 658 psia which
indicates very little change of data from an unaged motor with
a rate of 1. 350 in. /sec at 763 psia.

f. PBEP Propellant Diffusion Tube Specimens

(U) To evaluate the effect of specimen geometry, a number
of propellants were evaluated in special closed-end tubes. The
specimens had a I cms cross section and were about 5 cm in
length, with a weight of approximately 2 g. UTX 8407, the
standard A1/AP/PBEP/TVOPA propellant, had a weight loss
of 0.16% at ambient after 200 days and 0.67% after 200 days at
45 C, as listed in table VII. Some swelling of the samples was
observed at 45 C after approximately 100 days. A control for-
mulation, UTP 8298, a 50% TMETN-plasticizer pblyether binder,
lost 0. 044% at ambient and 0.25%6 at 45 OC for the same period.

17
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TABLE VI

(U) SURVEILLANCE FORMULATIONS

Formulation UTX UTX UTX UTX UTX UTX
Number 8422-11 8422-12 8422-13 8422-14 8422-15 8422-16

PBEP (lot 9557-84) 18.31 18.31 i8.31 18.31 18.31 18.31

TVOPA 18. 31 18.31 18.31 18.31 18.31 18.31

TDI 2. t8 2.18 2.18 2.18 2.18 2.18

1, 2, 6-HT 0.50 0.50 0.50 0.50 0.50 0.50

FeAA 0.64 0.64 0.64 0.64 0.64 0.64

Al 13.01 13.01 13.01 13.01 13.01 13.01

AP 47.05 47.05 47.05 47.05 47.05 47.05

Triol/PBEP(OH) 0.83 0. 83 0.83 0.83 0.83 0. 83

NCO/OH(I) 0.98 0.98 0.98 0.98 0.98 0.98

Cure at 120°F, hr 72 72 72 72 72 72

(2)
Remarks Soft Well Soft Soft Soft Soft

cure, cured cure, cure, cure, cure,
voids voids voids voids voids

(1) The Triol/PBEP(OH) and NCO/OH ratios are based on 0. 041 hydroxyl
equivalents per IO0g of polymer determined by infrared (Shell Chemi-
cal) rather than a value of approximately 0. 075 as determined by gel
time studies.

(2) All the mixes listed as giving soft cures after 72 hours at 1Z0"F will
postcure in an additional 7 to 10 days at ambient to very tough, flexi-
ble propellant.

18
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TABLE VII

(U) WEIGHT LOSS THROUGH A 5 cm WEB

I cmr BY 5 cm LONG TUBE SAMPLES

Exposure Time = 200 Days

Percent wt Lost Percent wt Lost
at Ambient at 45 °C

Formulation Temperature Temperature

UTX 8407(1,2) a. 0. 16 a. 0.65 - sample swelled
(PBEP/TVOPA Binder) b. 0. 16 b. 0. 69 - sample swelled

UTP 829813)
(Uteflex/TMETN Binder) 0.044 - 0.25

UTX 8410(1, 2)

(PBEP/DBP Binder) 0. 16 0.68

(1) These samples contain 50%0 AP and 15% Al
(2) PBEP was Lot 9165-107
(3) Contains 16% Al, 66.41o AP

The effect of plasticizer volatility was evaluated in UTX 8410.
TVOPA was replaced by the less volatile DBP. No change in
weight loss was observed by this variation.

g. Effect of Sample Environment on DTA Thermogram

(U) Because etching of the glass walls occurs during the DTA
run, platinum inserts were used to avoid direct contact of PBEP
and glass. The onsets for the first exotherm were the same in
both cases as shown in table VIII, but the first two major exo-
therms were lowered considerably. This may be explained by
a catalytic effect of platinum on the PBEP decomposition.

(C) Several other effects were tested - the effect of air versus
NZ atmosphere, effect of purification of the PBEP, and the effect
of small amounts of moisture. The thermograms were the same
from these tests as from the standard tests.

19
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TABLE VIII

(U) EFFECT OF SAMPLE ENVIRONMENT OF DTA THERMOGRAM
OF PBEP (LOT 9165-?07)

Onset
to First First Second Third

Exotherm Exotherm Exotherm Exotherm
Run 0C 6C 0C 0C Remarks

1 146 190 213 - Platinum sample holders

2 146 186 202 219 T-.atinum sample holders

3 145 206 213 --- N atmosphere

4 145 187 201 214 Dried over molecular sieves

5 146 204 219 --- "Washed" sample

6 146 200 Z16 Control

h. Evaluation of an Aged Lot of PBEP

(U) PBEP lot 9237-86B which has been aging for a year at
about 5 *C was retested in a series of formulations listed in
table IX. The lot cured over a range of Triol/PBEP(OH) and
NCO/OH ratios similar to that which had been used success-
fully when the lot was originally received. Apparently, no
functionality deterioration has occurred, at least as far as cure
ratios are concerned, with this lot of PBEP.

i. Gas Evolution Studies

(U) The JANAF vacuum stability apparatus was evaluated as a
tool for measuring the thermal stability of PBEP samples. The
reproducibility was found to be poor because of the inability to
compensate for the rapid evolution of residual solvent during
the testing. Three samples of PBEP propellant and one NFPA
propellant were tested. Under the test conditions, 76°C and
vacuum, the NFPA exhibited the best stability. However,
extensive plasticizer evolution occurred in all samples creat-
ing an uncertainty in the weight of the sample actually being
tested. Possibly the use of lower temperatures would improve
this situation.

20
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TABLE IX

(U) EVALUATION OF AN AGED LOT OF PBEP(1

Formulation
Number 215-188-1 215-188-2 215-188-3 215-188-4

PBEP(2) 45.75 45.96 46.17 46.42

TVOPA 45.75 45.96 46.17 46.42

TDI 5.54 5.24 4.89 4.41

1,2,6-HT 1.09 1.01 0.92 0.88

DBTDA 1.83 1.84 1.85 1.86

Triol/PBEP (OH) (3) 1.43 1. 31 1.20 1. 19

NCO/OH 3 } 1.49 1. 48 1. 43 1.36

Cure at i206F, hr 72 72 72 72

Remarks Cured Cured Cured Cured

(1) All values for ingredients are in wt-%
(2) PBEP lot in all samples was 9237-86B
(3) The Triol/PBEP(OH) and NCO/OH ratios are based on 0. 038 hydroxyl

equivalents per 100 g of polymer as determined by infrared by Shell
Development Co.

(U) The TGA method for measuring thermal stability was
evaluated. The results of these tests are shown in figure 8.
Duplicate runs on PBEP lot No. 9557-99A gave excellent repro-
ducibility. The results of the TGA analysis on lot No. 9557-84
also are shown. Utilizing the slope of the percent of sample
remaining per hour as a criteria for stability, it is apparent
that the 99A lot is less stable than lot No. 9557-84. Because
of the reproducibility of the results of this study, TGA-is now
used as the primary tool for measuring thermal stability of the
neat PBEP samples.

(U) An Arrehenius plot of rate versus i/T over the tempera-
ture range of 60* to 90°C gave an energy of activation of
-24. 5 kcal/mole. It should be noted that the TGA covers only
approximately 6% decomposition.
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3. ALUMINUM HYDRIDE EVALUATION

(U) One route to increased performance is by addition of a high-energy
fuel such as AlH 3 . Previous experience in handling AlH 3 at UTC has shown
that AlH 3 propellants can be expected to have a high sensitivity to impact
and friction. To evaluate fully the AlH3 -PBEP propellant, a thorough com-
paLibility and hazard evaluation study was made prior to commencing cure
studies. The results of these studies as-well as cure studies are discussed
in the following sections.

a. Aluminum Hydride Compatibility Tests by DTA

(C) The compatibility of AIH3 with PBEP and TVOPA as well
as with OPE and HAP were evaluated by DTA. Two different
lots of AlH3 were investigated. One lot was standard AlH3 ,
DL-528, and the second lot was an experimental Dow sample,
QX022, which is a magnesium-doped A!H3 . Table X presents
the test results for the neat materials and mixtures.

(C) Thermograms of AlH3 /PBEP mixtures show an absence
of the first PBEP exotherm. The difluoramino group causing
the first PBEP exotherm is possibly reacting with decomposed
AlH 3 products (Al and H?) at lower temperatures. Thermo-
grams were run to determine the compatibility of PBEP with
magnesium and magnesium oxide powders which could be pres-
ent on the magnesium-treated AlH3 . All PBEP exotherm onset
temperatures occurred at higher than normal temperatures.
Either the PBEP is somewhat stabilized or is merely diluted
with apparent raising of the onset. Both lots of PBEP exploded
with MgO at the first PBEP exotherm peak temperature, but
no explosion was noted with the magnesium and PBEP mixture.
Magnesium oxide may be basic enough to aid in decomposition
of PBEP at higher temperatures.

(C) The thermograms of PBEP/TVOPA/AlH 3 and PBEP/HPE/
AIH 3 showed exotherms at temperatures where the AlH-3
endotherm was usually located indicating a reaction between
the binder and the decomposed AIH 3 products.

(C) An OPE/QX022 mixture showed a major exotherm at
169*C, again at the same temperature that the hydride is
decomposing. An OPE/A1 thermogram did not display this
exotherm but was similar to the thermogram of pure OPE.
A PBEP/OPE/FeAA mixture exploded at 208 °C which is the

23
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TABLE X

(U) COMPATIBILITY TESTS BY DTA

Onset to
First Second First First Second Third Fourth

Sample Endotherm Endotherm Exotherm Exotherm Exotherm Exotherm Exotherm
Composition _C _C .C C _C °C -C

AlI 3 (OX 022) 168 .......-....

ALH3 (DL 528) 181 .--- - --- -.... ...

P E E P . . .. . . 1 3 8 2 0 8 2 1 9 . . .. . .

PEEP 4+ AIH3 (QX 022) 185 --- 134 227 .

PEEP 4. AIH3 (OX 022) 178 --- 144 217 ... ......

PBEP 4 AIH 3 (DL 528) 172 --- 143 222

PEEP 4.+ .. --- 175 217 ...?.....
P E E P 4 . 8  -•O. . .. .. 1 5 7 2 0 2 wZ' . .. . .. . .

PEEP + MgO ...... 164 203(2)

PEP + TVOPA ... --- i52 206 224 ---...

PEEP + TVOPA +
AIR[3 (OX 022) -1 5.. 155 170 5as 217 ---

PEEP + HPE .... 137 186 223 .....

PEEP 4. HPE + AIH 3
(OX 022) ... ... 176 186 218U......

OPE ..... 149 225 245() ......

OPE (2 day old) ... .-- 140 215 239 -.. ..

OPE + AIH 3 (QX 022) ... ... 156 169 191 227 237

OPE (2 days old) 4.
Al (H-5) ... 160 223 ...

PEEP + OPE 4. ?eAA 1.. 124 195 08) ... ...

PEEP + OPE + F*AA +
AM3 (OX 022) ... . 136 199() ...

PEEP + OPE + FeAA +
AIH 3 (QX 022) 4+ HAP -. ... 77 134 140(2)

HAP 57 93 154 176 ---

HAP + A-I 3 (QX 022) 59 93 148 171(2) ...

HAP 4. AiH 3 (DL 528) s0 95 143 181( 2 ) ... ...

PEEP + TVOPA +
AIH3 (OX 022) + HAP .... ... ...........

(1) All PEEP was lot 9165-107.
(2) Rxplosions occurred at these exotherm temperatures.
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peak temperature for the first PBEP exotherm. A PBEP/OPE/
FeAA/AIH 3 mixture exploded at 199°C. Aluminum hydride is
more reactive in the NF 2 binder than aluminum, but no thermal
reactions occurred at any temperatures near where propellant
is processed.

(C) DTA studies were conducted on AlH 3 and HAP mixtures.
The HAP thermogram displayed two endothermic changes below
i00@C and an exothermic decomposition above 150°C. The
HAP/QX022 and HAP/DL-528 mixtures exploded at the HAP
exothermic peak temperature. A PBEP/TVOPA/QX0ZZ/HAP
mixture exploded at 140°C, the onset temperature for a HAP/
A!H 3 exotherm; As expected, HAP lowers the stability of the
system below that of the AP/AlH 3 system, but no unusual ther-
mal behavior was noted near temperatures at which propellant
will be processed.

b. Impact Sensitivity

(U) The factors affecting the impact sensitivity of AlH 3 -
containing propellants were studied. Among the factors which
could affect the impact sensitivity of AIH3 -PBEP propellants
are PBEP sensitivity, the oxidizer concentration, and the
TVOPA level. These variables were evaluated, and the results
are shown in tables XI, XII, and XIII. In formulations 178-102-1
and 178-M02-2, PBEP lot 9165-180, which had shown extremely
good impact sensitivities in the range of 70 to 80 kg-cm, was
evaluated with AlH3 to determine if the impact sensitivity of the
propellant was improved. No significant improvement in impact
was obtained by using this lot of PBEP. In these studies two
types of AlH 3 were evaluated: magnesium-doped material and
acrylonitrile-treated A!H3 . Those mixes made with acrylonitrile-
treated AlH3 , in general, gave somewhat higher impact values.
At this time, it is not known if this is caused by an intrinsic
characteristic of the hydride or if the difference is caused by
micro-porosity which could have occurred with the use of
magnesium-doped AlH3 .

(U) Previous experience with PBEP/TVOPA/AP/A1 propellant
has shown that addition of AP resulted in an improved impact
sensitivity. In formulations 178-102-6 through -8, shown in
table XII, the effect of the addition of AP is shown. No improve-
ment in impact sensitivity was noted with addition of AP oxidizer.
No effect attributable to concentration of APwas observed. Again,
in these mixes, notably between -6 and -7, an improvement in
impact sensitivity of 2. 6 to 4.2 kg-cm is observed by use of
ac rylonitrile-treated AQH 3 .
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(U) In formulations 178-105-i through -4 listed in table XIII,
the effect of TVOPA concentration was evaluated. Formula-
tions 178-105-i and -2 were the controls with a PBEP/TVOPA
ratio of I to 2 and I to 3, respectively. The formulations with
the increased TVOPA level gave a lower impact sensitivity in
the uncured state than did the I/i PBEP/TVOPA binder which
was probably a result of running the test in the open-cup tester.
No improvement in impact sensitivity was obtained in the
uncured propellant, although the cured propellant in one case
did give a slightly improved impact sensitivity. In all cases
an improvement in impact sensitivity was obtained with the
cured propellant.

c. Propellant Development

(C) Because impulse and density improvements are obtained
by substitution of HAP for AP in the AIH 3 /PBEP system, a
concurrent evaluation of these oxidizers was performed. The
diisocyanate, 3,3 '-dimethyl-phenylmethane-4, 4'-diisocyanate
(DMM) previously gave satisfactory cures in HAP propellants.
However, in-house work with HAP propellants has shown that
some incompatibility exists between HAP and the cure catalyst
FeAA. Accordingly, a series of hand mixes evaluating FeA.A
and DBTDA was prepared. Formulations tested are shown in
table XIV. Control mixes of AI-AP and Al-HAP were included
in this study.

(C) A color change from red to reddish brown was noted when
HAP was added to the FeAA-containing binder. The mixes were
stiff and gave a somewhat porous cure. However, propellants
containing DBTDA were fluid and cured to a firm rubbery pro.
pellant. The presence of AIH 3 in these mixes appeared to have
no effect on the cure.

(U) A micromixer capable of processing up to 50 g of high-
energy propellant is utilized in preliminary propellant evalua-
tion studies. The micromixer itself is installed in an inert
atmosphere box. This box is equipped with two socket-type
tongs and is designed to withstand the detonation of 100 g's of
Composition B. A number of AlH 3 and HAP propellant formu-
lations have been made in this equipment. Because this mixer
is not of the high-shear type, it is necessary to hold the AIH3
loadings to a relatively low percentage. An arbitrary limit of
156 AlH3 was established. Previous studies with AIH 3 had

27
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established that at this level problems with curative or incom-
patibility should be evaluated sufficiently to allow scaling factors
to be made once the system is taken to a high-sho-r mixer.
Table XV lists the processed formulations of AMH3 - .- AP
propellant.

(C) Aluminum hydride formulations- UTX 8455 and UTX 8457
with H1 2 MDI both cured firmly at an ambient cure temperature.
UTX 8455 had a tensile value of 121 psi and an elongation of
51. 8%6, and UTX 8457 had values of 45 psi and 93.47a. The latter
formulation had 2 days less cure time which could account for
the difference in physical properties. These two formulations
had impact values of 4. 2 kg-cm and had similar sensitivities
of friction, both being sensitive on the ESSO friction tester with
no grit. Autoignition values also were similar with a 30-sec
value of approximately 480°F and a 10-sec value of approxi-
mately 570°F. These formulations are as stable as those with
aluminum as far as autoignition goes but are much more impact
sensitive and friction sensitive.

(U) To determine the extent of cure obtained at ambient tem-
peratures, formulations UTX 8455, 8456, and 8457 were post-
cured at i20*F. The further cure was followed by measuring
the increase in Shore A hardness values. The zero Shore A
readings of 20 to 54 were the readings at the conclusion of the
ambient cure period. Near maximum values of approximately
70 were obtained after 4 days of additional cure on all specimens.

(U) Formulation UTX 8459 which contained HAP as an oxidizer
yielded a soft cure. The propellant reacted with moisture while
being trimmed outside of the dry box and was discarded. It is
apparent that stringent handling techniques and moisture disci-
plines will be required to permit the successful processing and
handling of HAP propellant.

(U) Formulations UTX 8460 and UTX 8461 were made to com-
pare the effect& of AlH 3 with aluminum in a HAP propellant.
Soft cures were obtained in both of these propellants, but no
void formulation or gassing was observed. These propellants
were stored at ambient temperature for 3 months with no
degradation.
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(U) Formulation studies were continued to develop an optimized
NF 2 binder/AP/AIH 3 propellant using the ARC mixer. The AlH 3
used in this investigation was UTC acrylonitrile-treated for four
days to improve its stability. Table XVI presents formulations
of all the mixes investigated.

(U) The initial mix, UTX 8462-i, contained 2 1 wt-% AlH 3 ,
27 wt-%0 NF7 binder, and 52 wt-J/ AP. This mix partially cured
during mixing and was discarded.

(U) The second mix, UTX 8462-2, was mixed for a shorter
period after addition of the diisocyanate. This mix was more
fluid than the previous batch and flowed enough after casting to
obtain tensile specimens.

(U) In UTX 8462-3, an adjustment was made in the coarse-
to-fine ratio to gain more fluidity. No improvement in propel-
lant viscosity was noticed by increasing the amount of coarse
particles. In UTX 8462-4, further adjustment was made in the
particle size distribution. A larger particle size AP MS-19
with an average 3600 size was employed in place of the MS-A 1-P

with an average i90tx size. A small gain in castability wab
obtained with the larger AP.

(U) To determine if the DBTDA was causing the rapid cure,
a mix - UTX 8464-1 -was prepared with no cure catalyst. The
cast mix was "fluffy, " and a decrease in fluidity was noticed.
Apparently, the DBTDA also acts as a surfactant in PBEP
propellant.

(U) Formulation UTX 8465-1 contains an additional 5 vol-1/
binder. The first mix was very castable and a 100 g end burn-
ing grain was prepared. A i/2-lb end burning grain and a bal-
listic i-lb motor alt - were prepared using formulation UTX 8465.

(U) Using the binder system from UTX 8465 at 35 vol-To binder,
a mix - UTX 8466 - with 30 vol-J/ binder was prepared. This
mix was castable but not as fluid as the higher vol-% mix.

d. Ballistic Data

(C) A 100 g grain of formulation UTX 8465, gave a good firing
trace (illustrated in figure 9) with a burning rate of i. 029 in. /sec
at 580 psia. A i/2-lb grain appeared to have liner separation
during the firing, and the overpressurization blew the nozzle.
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(U) AIH 3 FORMULATIO

Formulation UTX(2) UTX(2) UTX( 2 ) UTX(2) UTX UTX UTX UTX
Number 8451 8452 8453 8454 8455 8456 8457 8458

PBEP 16.00 (3) 22.85 (3) 18.28 (3) 20.56(3) 9.86 (4) 20.56(4) 18 83 (4) 19.83(4)

TVOPA 16.00 22.85 18.28 20.56 19.86 20.56 18.83 19.83

1,2,6-HT 0.32 0.45 0.36 0.41 0.49 0.51 0.49 0.49

Catalyst 0.62 0.90 0.72 0.81 0.70 0.70 0.70 0.70

Catalyst type FeAA FeAA FeAA FeAA DBTDA DBTDA DBTDA DBTDL

Diisocyanate 2.06 2.95 2.36 2.66 4. 09 2.67 4. 15 4. 15

Diisocyanate TDI TDI TDI TDI DMM TDI Hi 2  Hi 2
type - MDI MID

AlH3  20.00 10.00 15.00 10.00 15.0 15.0 15.0 15.0

AP 45.00 40.00 45.00 45.00 40.0 40,0 40.0 40.0

HAP --- --- ------ -- --

Coarse/fine 70/30 70/30 70/30 70/30 60/40 60/40 60/40 60/40
ratio

Triol/PBEP(OH) 1. 4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NCO/OH 1,5 1.5 1.5 1.5 1.5 1.5 1. 5 1.5

Cure at ambient, 3 3 4 4 7 5 5 5
days

Remarks Uncured Uncured Cured Cured Cured Soft Cured Soft
cure cure

(1) All values for ingredients are in wt-%. (4) PBEP was lot 9088-180
(2) These mixes were cured at 120"F. (5) PBEP was lot 9557-99A
(3) PBEP was lot 9165-107. (6) The fuel was Al instead of A!H 3 .

0 NFIDENTIAL



CONFIDENTIAL
,E XV UTC 2200-FR

4ULATIONSM i)

UTX UTX UTX UTX UTX UTX UTX UTX UTX
8458 8459 8460 846. 1 8462 8463 846_4 8465 8466

19.83 (4 24.30 (4 24. 35(4) 22.82 (4 12. 13(5) 12. 20(1 12.27(5 14. 43(5) M2. 03(5)

19.83 24.30 24.35 22.82 12. 13 1. 20 12.27 14.43 12. 13

0.49 0.60 0.60 0.57 0.24 0.24 0.24 0. 17 0.14

0.70 0.70 0.70 0.70 0.29 0. 15 0.15 0.64 0.64

DBTDL DBTDA DBTDA DBTDA DBTDA DBTDA DBTDA DBTDA DBTDA

4.15 5.i0 5.00 4.69 2.20 Z.2i 2.22 2.33 1.96

H1 2  H1 2  DMM DMM DMM DMM DMM DMM DMM
MDI MDI

15.0 10.0 10.0 9.00 (6) 21.00 21.00 1..00 21.00 21.00

40.0 --- --- 52.00 57.20 51.22 51.03 53. 17

--- 35.0 35.0 39.40 ---... ....-

60/40 70/30 60/40 60/40 50/50 55/45 50/50 60/40 60/40

1.4 1.4 1.4 1.4 0.40 0.40 0.40 0.25 0.25

1. 5 1.5 1.5 1.5 0.86 0.86 0.86 0.86 0.86

5 5 7 7 (7) (7) (7) (7) (7)

Soft Cured Soft Soft --- . --- .. ---

cure porous cure cure

(7) All formulations are curing at ambient
temperatures but have not been tested

AIH3, as yet.
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The standard i-lb grain was cured at ambient for only 7 days
before the mandrel was extracted. Although the propellant was
partially cured it was too soft for the mandrel to be pulled
successfully.

4. HYDROXYLAMINE PERCHLORATE EVALUATION

a. Hydroxylamine Perchlorate Cure and Catalyst Studies

(C) The series 215-27, containing HAP (table XVI), all cured
but exhibited gassing during cure. Because UTC-sponsored
work had demonstrated that HAP is incompatible with TDI, this
diisocyanate was replaced with 3,3'-dimethyldiphenylmethane-
4, 4'-diisocyanate as a curative. Gumstocks cured very well
with this diisocyanate, and propellants containing HAP, 215-39-1
to -3, were prepared. These propellants gave a good cure and
appeared to have no compatibility problems. However, it is
necessary to use a dry atmosphere to successfully process HAP
propellants.

(C) A series of mixes was formulated with H, 2 MDI, a diiso-
cyanate produced by National Analine Division of Allied Chemical
Co. The cure catalysts which were tested were VaOAA, TiOA.A,
and DBTDL. A complete list of ingredients and formulations is
given in table XVII. As the HAP was added to the vanadium and
titanium catalyzed mixes, an immediate color change was obs erved
which was ascribed tentatively to the reduction of the catalyst.
All six hand mixes, however, cured firmly.

(C) The six mixes in series 132 were prepared to evaluate the
aliphatic diisocyanate, HIMI. No cures were obtained with this
curative system, and gassing was observed on the surface of the
samples.

(C) Additional mixes were made with the cure catalyst chromic
2-ethyl hexoate and HiZMDI and DMM as the curatives. In this
series, good cures were obtained with the HIj2 MI-containing
mixes. However, the DhM curatives failed to give adequately
cured propellant. In past mixes with DMM curative, the propel-
lant had cured well using DBTDA and FeAA am the cure catalysts.
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b. Hydroxylamine Perchlorate

(C) The HAP hazard data are given in table XVIII. An uncured
propellant containing HAP, TVOPA, AL, and PBEP gave an impact
value of 19 kg-cm. Sample Zi5-27-4 containing HAP and Al in
an uncured NF2 binder gave a positive test without added- grit.

I

(C) An uncured propellant containing HAP gave 30- and 10-sec
autoignition values of 330° and 390 OF, which are approximately
W0°F below similar systems containing AP. As expected, HAP
propellants appear more thermally unstable than AP propellants.
A DTA of the HAP/Al/PBEP/TVOPA propellant showed an exo-
therm onset at 119°C terminating in an explosion at 130°C.

5. OPE EVALUATION

a. OPE Hazard Evaluation Studies

(C) The results of the OPE laboratory hazard testing are given
in table XIX. Neat OPE has an impact sensitivity of 1. 5 kg-cm.
It gave a positive test with pyrex glass grit and negative results
with no grit on the ESSO-type friction tester. The 10-sec auto-
ignition temperature is 500°F. The sensitivity of OPE/
PBEP(50/50) blends is dependent upon the sensitivity of the
PBEP. The higher the impact of the PBEP, the higher the
impact of the blend. OPE-plasticized propellants will undoubtedly
be more sensitive than the equivalent TVOPA system; however,
te data obtained to date indicate that the propellant can be for-
mulated successfully.

(C) DTA tests were run on neat OPE and mixtures containing
OPE. The neat OPE had an exotherm onset at 149 C and peaked
at 225C and 245 °C. The 245"C peak terminated in an explosion.
Aging neat OPE 2 days at ambient temperature caused the mate-
rial to turn cloudy. The DTA onset temperature decreased only
slightly, but the peak temperatures decreased 40°C. Apparently
some hydrolysis or reaction with the glass container occurred
which decreased the OPE stability.

(C) Both aluminum and FeAA lowered the exotherm peak tem-
perature of OPE. The FeA.A also lowered the onset temperature.
Aluminum gave an apparent stabilization to the onset; however,
this could be a result of the diluent effect of the aluminum.
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TABLE XVIII

(U) HYDROXYLAMINE PERCHLORATE HAZARD EVALUATION
TEST RESULTS

HAP/PBEP/ HAP/PBEP/
HAP TVOPA TVOPA/AI

Impact sensitivity, E5 0 , i50 44.8 19. I
kg-cm '(smoke, no flame)

Friction sensitivity:
No grit +

Pyrex grit +

Autoignition:
30 sec, *F --- 330 330
10 sec, *F --- 390 390

DTA, endotherm, *C 57..5/9.4 87 82

Exotherm:
OnILt, - C . 156 140 i19

Peak, *C 170 171/180 136

b. OPE/PBEP Cure Studies

(C) The direct substitution of OPE for TVOPAwas accomplished
with no difficulties. Formulations 178-95-i through 215-35-3 in
table XX were hand mixes to check the cure characteristics of
PBEP/OPE gumstock and propellants. UTX 8412 is aS g scaleup
mix. The propellant was well cured and gave good propellant.

6. HPE CURE STUDIES

(C) Previous work under Air Force Contract No. AF 04(6il)-I1404(1)

indicated that no apparent compatibility or stability problem existed between
HPE and PBEP. However, good cures could not be obtained with HPE as
plasticizer. The initial studies used TDI, i,2,6-HT, and FeAA as the
cure system. These studies were continued under the present contract
using a different crosslinker and cure catalysts. The results of these
studies are shown in table XXI. Glycerol and VOAA gave a soft cure in
48 hours at i20*F. However, the samples showed extreme darkening and
showed signs of obvious degradation. The sample using Bu 2 SnAC2 failed
to cure past the gel point and also appeared to have undergone some
degradation.
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(U) Because of the cure problems and the questionable applicability of
HPE in propellants because of its high vapor pressure, no further work
was done with this material.

7. BURNING RATE STUDY

(C) One of the objectives of this program was to develop a series of
domino-propellants with burning rates of 1. 0 to 10. 0 in. /sec at 1, 000 psi.
The typical formulation, such as UTX 8407, has a burning rate of approxi-
mately 1. 6 in. /sec. Variotus combustion modifiers intclidding the usual AP
burning rate catalysts, binder decomposition catalysts, AP burning rate
depressants, and polymer flame retardants were tested. Also, high TVOPA-
plasticized formulations which have high burning rates without added cata-
lysts were examined. Initially, the compatibility and hazard characteristics
of the NFz binder and these various additives were tested by DTA, impact,
friction, spark, and autoignition tests.

a. Effects of Ammonium Perchlorate Catalysts ju Cure
and Stability

(U) DTA results have shown that AP burning rate catalysts
decrease the exotherm onset and peak temperatures of PBEP.
It was thought that the cure of the PBEP/TVOPA binder might
also be affected by these burning rate catalysts.

(C) Small hand mixes were made of UTX 8407 containing i1%/
catalyst to determine the compatibility of these additives in the
propellant formulation and to determine the effects on cure.
These formulations are listed in table XXII. The results indi-
cate that Cu2OZ, FeZ.03 , Fe 3 0 4 , and Milori blue are compatible
in UTX 8407 and cure well, while both QMB-3 and (Et)4 NBr
cured slowly into a spongy propellant. There appears to be a
compatibility problem with these quaternary amines. Further
studies will be required to determine if quaternary amines can
be used in PBEP propellants. DTA results listed in table XXIII
show that Fe 3 0 4 does not decrease PBEP stability to any large
extent, and CuZOZ does decrease stability.

b. Burning Rate Depressant Compatibility Studies

(C) DTA studies have previously shown that most candidates
for burning rate suppressants apparently decrease the DTA
stability of PBEP. Hand mixes of UTX 8407 formulation con-
taining these additives, listed in table XXIII, all gave good cures.
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TABLE XXII

(U) BURNING RATE CATALYSTS FORMULATIONS

Formulation
Number LA 45-i LA 45-2 LA 45-3

UTX 8407 99% 99% 99%0

Additive 1% 1% I%

Results Cu202, cured Fe 2 0 3 , cured QMB-3,(1) cured
slowly, porous

Formulation
Number LA 45-4 LA 45-5 LA 45-6

UTX 8407 99% 99% 99%

Additive i% 1% 1%

Results Milori blue, cured (Et)4 NBr, (Z) cured Fe 3 04, cured
slowly, porous

(1) Quaternary methyl ammonium triborate, Callery Chemical
(2) Quaternary ethyl ammonium bromide
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These additives include such things as sodium barbituate as a
burning rate depressant, tetrabromophthalic anhydride as a
flame retardant, as well as others with similar properties.

(C) Tricresyl phosphate and ammonium o,:alate mixed with
PBEP also were studied by DTA. The tricresyl phosphate-
PBEP mixture gave no appreciable change in the thermogramr
when compared to the thermogram of neat P.BEP. However,
adding ammonium oxalate decreased the on.,,et by about 20 0 C,
the first exotherm peak by 52°C, and the second exotherm peak
by 24°C. The oxalate was a monohydra.e, and the water of
hydration may have had some effect on the thermogram.

(U) Table XXIV indicates that tb., several depressants tested
in propellant formulations did not affect the impact sensitivity
of the propellant.

c. High TVOPA Level Effect on Propellant Sensitivity

(Ui IT was thought that this higher TVOPA level would increase

the impact and friction sensitivity of the propellant. The results
in table XXIV show just the opposite effect for impact. A TVOPA/
PBEP ratio of 2:1 gave a value of 17. 6 kg-cm and a 3:1 ratio gave
a value of 20.5 kg-cm. This compares to a value of 11.8 kg-cm
for a t. I ratio. The friction sensitivity remained essentially
the same at all levels.

d. Preparation of Strands for Burning Rate Evaluation

(C) Several formulations, listed in table XXV, for burning rate
strands were prepared at the 100 g level in the ARC mixer. These
included a mix containing CuZO2 as an additive as well as formu-
lations varying the particle size and TVOPA level. Table XXV
shows the burning rate at 1,000 psi, and the strand results are
given in figure 10.

(C) Formulations UTX 8482 and UTX 8481 had some porosity
which may have contributed to their high rates. A burning rate
of 2. 6 in. /sec at 1, 000 psi was obtained in formulation UTX 8482
containing 11o Cu2O2, a 4:1 ratio of fine to coarse AP, and
2:1 TVOPA/PBEP. Using all coarse AP (350) in formulation
UTX 8480 resulted in a decrease of only 0. 06 in. /sec from the
standard formulation UTX 8478.
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8. VARIATION OF CURE INGREDIENTS AND BINDER LEVEL

a. Low Volume-Percent Binder Level Study

(U)" AIH 3 /AP propellants must be formulated with high solids
loadings to approach an optimum specific impulse value. With
aluminum as a sujstitute for AIH3 , propellants were prepared

to a 25 vol-16 birder level. The formulations listed in table XXVI
processed adequately, were quite fluid on casting, and cured
well at either i20F or ambient temperatures.

1. Physical Properties

(C) Lower binder level formulations whose physical
properties are listed in table XXVII gave the expected
higher true tensile and lower true elongation values than
the higher binder formru:ations. A 35 vol-% binder formu-
lation had a tensile of 221 psi and an elongation of about
14% when cured at ambient temperatures. This same
formulation when cured at 120°F gave values of 179 psi
and 121o. A 30 vol-% binder for~iulation had a tensile of
297 psi and 7.4%/0. This latter formulation with a. lower

binder level also contained less crosslinking. This could
account for the elongation values being. approximately the
same for the two formulations of different vol-%6 binder.

(U) All these formulations have tensile values that are
sufficiently high that elongation could be increased at the
expense of tensile by reformulation at different curative

1 ! ~levels -. •

2. Hazard Data

(C) Propellants with higher solids loadings of AP and

aluminum are less impact sensitive. UTX 8443 with a
solids loading of 60 wt-.o had an impact value of 17 kg-cm,
and UTX 98i4-1 with 71i0 solid and UTX 98f6-i with 761%
solids have values of 25. 3 and 35. 6 kg-cm, respectively.
The friction was similar on the ESSO tester to a standard
formulation. Added grit was necessary for a positive test.

I o
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TABLE XXVI

(U) Al/AP FORMULATIONS WITH LOW VOLUME-PERCENT BINDER")

Formulation
Number UTX 9819-1 UTX 9816-1 UTX 9814-1

PBEP(2 ) 9.21 10.48 I1. 66

TVOPA 9.22 10.48 12.66

DMM 1. 67 2.31 2.79

HT 0.18 0.36 0.43

DBTDA 0.22 0.37 0.46

AP (MS-4)(3) 46.55 44. 10 40.60

AP (12 ) 19.95 18.90 17.40

Al 13.00 13.00 13.00

Triol/PBEP(OH) 0.40 0.71 0.71

NCO/OH 0.86 0.86 0.86

Cure at 120*F, hr(4 ) 48 48 72

Vol-% binder 25 30 35

Remarks Cured Cured Cured

(1) All values for ingredients are in wt-%.
(2) PBEP lot number was 9557-99A in all formulations.
(3) MS-4 AP has average particle size of 1801L to 2001L.
(4) These formulations also cured in several days at ambient temperatures.
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TABLE XXVII

(U) PHYSICAL PROPERTIES OF PROPELLANTS
AT VARIOUS BINDER LEVELS

Formulation Vol-% True Physical Property Data

Number Binder Tensile, psi Elongation, To

UTX 9819-1 25 227 7.4

UTX 9816-1 30 297 7. 1

UTX 9814-I( 1 ) 35 221 13.9

UTX 9814-1 35 179 l1. 7

(1) Cured at ambient temperature

b. Catalyst Level Studies

(C) Table XXVIII lists formulations containing lower DBTDA
cure catalyst levels than the 0. 6416 normally used. This series
was required to determine if a lower catalyst level could be used
to extend pot life on the highly loaded AlH3 /AP propellants and
still obtain ambient cure to avoid thermal degradation.

(C) Both objectives were achieved as the pot life on UTX 98 15-I
with 0.3% catalyst was roughlydouble that of a standard formu-
lation with 0. 64%0 catalyst. Also, ambient cures were obtained
in I week with these formulations. " -

(U) The physical properties of these formulations are listed ¶
in table XXIX. The true tensile properties varied from 109 to
156 psi with the elongations about constant at 27%0 to 28%.a.

(C) With FeAA as the cure catalyst, the formulations listed
in table XXX all cured well down to 0. 1 wt-%/6. The measured
physical properties are listed in table XXXI. The elongations
varied from 17. 3% to 20. 0% and the tensile varied from 100 to
210 psi.

C
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TABLE XXVIII

(U) VARIATION OF DBTDA PERCENTAGES

Formulation

Number UTX 9815-1 UTX 9921-i UTX 9822-I

PBEP (9557-99A) 17,68 17.68 17.68

TVOPA i7.68 17.68 17.68

DMM 3.89 3.89 3.89

HT 0.60 0.60 0.60

AP 46.71 46.61 46.51

Al 13. 14 13.14 13.14

DBTDA 0.30 0.40 0.50

Triol/PBEP(OH) 0.70 0.70 0.70

NCO/OH 0.86 0.86 0.86

Cure at 120"F, hr(s) 72 72 72

Remarks Cured Cured Cured

(•) These formulations also cured at ambient temperatures inabout i week.

TABLE XXIX

(U) PHYSICAL PROPERTY DATA FROM PROPELLANT
WITH DIFFERENT DBTDA LEVELS

True Physical Property Data

Formulation DBTDA Tensile Elongation
Number psi _

UTX 9815-1 0.30 156 27. 1

UTX 9821-1 0.40 109 28.0

UTX 9822-1 0.50 122 27.7

UTX 9813-1 0.64 137 27.2
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TABLE XXX

(U) VARIATION OF FeAA CATALYST LEVEL FORMULATIONS

UTX UTX UTX UTX UTX

Formulation 8415-1 8416-1 8417-1 8418-1 8411-4

PBEP
(lot 9546-16) 16.1 16. 1 16.0: 16.02 16. O.j

TVOPA 16. 1 16. 1 16.0 16.02 16. 0i
TDI 1. 9? 1. 91 i. 9 . 1. 92 1. 91

1,2,6-HT 0.44 0.44 0.44 0.44 C. 44

FeAA 0.10 0.20 0.30 0.40 0.64

Al 15. 10 15.0 15.00 15.00 15.00

AP 50.40 50.3 50.25 50.15 50.04

Triol/PBEP
(OH) 1.55 - 1.55 1.55 1.55 5.55;

NCO/OH 1.30 t. 30 1. "30 t. 30 1.301

Cure at
120*F, hr 120 96 72, 48 24

Remarks Uncured Cured Cured Cured Cured

TABLE XXXI

(U) PHYSICAL PROPERTY DATA OF PROPELLANT
WITH VARIOUS FeAA CATALYST LEVELS

True Data
Formulation Tensile Elongation Temperature

Number 01 FeAA pOi ,0,_0 "F_ _

UTX 8416-1 0.20 158 25.0 +76

UTX 8417-1 0.30 164 20.8 +76

UTX 8418-1 0.40 210 20.4 +76

UTX 841 I-4 0.64 160. 17.3 +76

UTX 8419-1 0.32 100 23.2 +76
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c. Variation of Tensile Properties with Cure Ratios

(U) The series fcrmulations listed in table XXXII were pre-
pared to study the optimization of cure ratios based on the physi-
cal properties of the resultant propellant. Microdogbone
specimens were prepared from each mix and their physical
properties evaluated.

(C) The true tensile properties in table XXXIII varied from
55 psi tensile and 37%o elongation in UTX 9805-i with cuIre iatios
of Triol/PBEP(OH) of 0. 61 and NCO/OH of 0. 84 to 125 psi ten-
sile and 257a elongation in UTX 9805-i with ratios of Triol/
PBEP(OH) of 0.81 and NCO/OH of 0.85.

(U) UTX 9808-i which had original values of 99 psi tensile
and 2901 elongation on 2 additional days of cure at t20°F gave
an increased tensile value of 163 psi and decreased elongation
to 2316.

(U) UTX 8430-2 is a formulation prepared several months
prior to the other formulations. At that time higher cure equiva-
lents of isocyanate were used fdr good cures.

(U) The physical properties of PBEP propellant can be varied
widely depending upon the cure system. These properties also
could be varied to give properties tailored for a specific purpose.

(U) UTX 9810-1 with the same formulation as UTX 9808-i was
a 1, 000 g mix in the Bramley-Bekin 1/2 gal. mixer. The pro-
pellant cured very well in 48 hours with no voids.

d. Effect of Test Temperature on Physical Properties

(U) Mixes UTX 9813-1 to 5 were prepared to obtain micro-
tensile specimens for testing at various temperatures. Ambient
cures were included in the investigation. Tables XXXIV and XXXV
present the experimental results and figure ii is a graph of the
data.

(U) Formulation UTX 9813-3 had an elongation of 25%0 and a
tensile of 125 psi. At iZ0*F the elongation and tensile dropped
to 22% and 80 psi, respectively. The elongation dropped to 6%6
at -20°F and the tensile increased to 1, 000 psi. The physical
properties change rapidly from 0 to 20OF with about -10* being
the limiting temperature for this formulation and this lot of
PBEP.
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TABLE XXXIV

(U) FORMULATIONS FOR TEMPERATURE

VERSUS PHYSICAL PROPERTY STUDY

Formulation UTX UTX UTX UTX UTX
Number 9 9813-2 9813-3 9813-4 9813-5

PBEP (9557-99A) 17.68 17.68 17.68 17.68 17.68

TVOPA 17.68 17.68 17.68 17.68 17.68

DMM 3.89 3,89 3.89 3.89 3.89

1, 2, 6-HT 0.60 0.60 0.60 0.60 0.60

DBTDA 0.64 0.64 0.64 0.64 0.64

AP 46.71 46.71 46. 71 46.71 46.71

Al iZ. 80 12.80 12.80 IZ. 80 1z. 80

Triol/PBEP(OH) 0.40 0.40 0.40 0.40 0.40

NCO/OH 0.86 0.86 0.86 0.86 0.86

Cure at 120*F, hr 72 7Z 72 72 72

Remarks Cured Cured Cured Cured Cured

TABLE XXXV

(U) EFFECT OF TEST TEMPERATURE ON PHYSICAL PROPERTIES

Crosshead True
Formulation Temperature Tensile Elongation Tensile Elongation

Number .F ,,_psi . ..- psi

UTX 9813 140 53 28 ...

UTX 9813 120 61 28 80 22

UTX 9813 100 84 33 109 23

UTX 9813 76 100 37 12'5 25

UTX 9813 40 186 37 232 Z5

UTX 9813 20 255 32 311 22

UTX 9813 0 368 25 424 17

UTX 9813 -20 950 9 1,001 6

UTX 9813 -30 1,090 5

UTX 9813 -54 660, 2

S7
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(U) Formulation UTX 8418 was tested at temperatures ranging
from -10* to -54°F. The data listed in table XXXVI indicate that
the major changes in crosshead tensile properties for this pro-
pellant formulation are between -20 and -30°F. The values for
both tensile and elongation are essentially the same at -300 and
-54*F. Between -30° and -Z0°F both tensile and elongation
values increase by a factor of about 2.5, indicating that the
material changes from a glass to a cold plastic somewhere in
this range. This formulation actually ýcontained 5 wt-%6 less
binder than tJTX 9813 and also had a different jot bf PEEP.
However, the glass transition temperature is about 10°F below
that for UTX 9813. The lower temperature limits of PBEP
propellant appear amenable to modification by formulation
techniques.

e. Evaluation of a New Triisocyanate

(C) A new triisocyanate, CTI, obtained from Aerojet-General
Corporation was evaluated in a series of hand mixes listed in
table XXXVII. The last four formulations with NCO/OH ratios
of 1. 00 to 1. 20 failed to cure in 1Z0hours. The series Z15-183-1
to -4 which contained 1, Z, 6-hexanetriol as well as PBEP and
the triisocyanate cured in 24 hours. All samples showed some
gassing,- even th"ose prepared in a dry box.

TABLE XXXVI

(U) VARIANCE OF TENSILE PROPERTIES WITH TEMPERATURE

Crosahead Data
Formulation

Number Temperature, F, Tensile, psi Elongation, 016

UTX 8418-3 -54 288 2.0

UTX 8418-4 -30 371 1. 7

UTX 8418-4 -20 911 5. z

UTX 8418-4 -10 727 15.9
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(U) Reformulation to lower isocyanate equivalents resulted in
good cures, and these formulations were scaled up to a 100 g
batch size. No diisocyanate chain extender was used on these
studies. No gassing or incompatibility was noted on the cured
propellant. Further tests will be required using mixed di- and
triisocyanates for complete evaluation.

f. Gel Time Studies

(C) Because lower cure ratios than expected were giving the
best cures on PBEP lot 9557-99A, a sample of this lot from
UTC was retested by Shell Development Company. A value of
0. 097 hydroxyl equivalents per 100 g of polymer was obtained,
compared with an original value of 0. 108. Gel time studies run
at UTC gave a value of 0. 90 hydroxyl equivalents per 100 g of
polymer.

(C) The UTC gel time studies on lot 9557-99A were done with
three isocyanates: TDI, DMM, and CTI. The tests with TDI
and CTI gave excellent agreement with CTI giving gelled sam-
ples overnight at 50°C. The TDI samples only thickened. Both
samples gave isocyanate values of 0. 090 equivalents per 100 g
of polymer. The DMM sample gave somewhat misleading results
because of an incrustation that formed on the top of the sample.

* (C) Gel time studies also were carried out onPBEP lots 9088-180
and 9557-84. The data indicated that an NCO/OH value of 1. 8
is required in lot -180. Lot -84 appears to have undergone a
decrease in hydroxyl equivalents similar to lot 9557-99A. Initial
tests indicate that the new hydroxyl value is approximately 80%
to 8516 of the previously used value. Further testing will be
required to verify this.

(C) A 100 g mix UTX 9824-I was prepared using PBEP
lot 9088-180. Physical property data were 159 psi tensile and
29% elongation. Although the hydroxyl equivalents had changed
after long term storage at -5 °F, the polymer could still be
cured to give good propellant.

9. BDDER CONTAMINATION STUDIES

(C) Because some cure problems had been encountered during scaleup,
samples of binder containing equal amounts of PBEP and TVOPA were
taken from the Bramley-Bekin mixer at various times for water and sol-
vent analysis by GLC at Shell Development Company. After evaporation
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of methylene chloride solvent overnight at 11O0 OF, the system was evacuated
for 5 hours at 120°F. Samples of the binder were taken at 2.5, 3.5, and
5 hours after vacuum was initiated. As shown in table XXXVIII, the water
content dropped to 0. 066% after 5 hours from the previous high of 0. 087%
at 2. 5 hours. The methylene chloride level dropped from 0. 25% to 0. 083%/0
during the same period. Neither the solvent nor water content appeared to
be large enough to completely retard propellant cure. However, if even
small amounts of moisture are introduced with other ingredients such as
AP and aluminum, this value could have more significance in retarding
cure and causing gassing. The small percentage of acetone probably
remains in the PBEP from the preparation. (C)

J0. PBEP/TVOPA MISCIBILITY STUDY

(U) Some workers have reported that TVOPA is not completely miscible
with PBEP at equal levels. Because some turbidity was noted in gumstocks
prepared for evaluation of PBEP lot 9557-99A and because poor cures on
scaleup have been obtained with earlier lots of PBEP, a study was initiated
in the laboratory to determine the cause of this apparent binder separation.
Numerous gumnstock samples, shown in table XXXIX, were prepared for
this study.

(U) A 200 g gumstock mix was prepared which had an opaque appearance
when cast from the mixer and failed to cure in several days. The binder
showed separation into a heterogeneous mixture. The uncured binder was
extracted with acetone, leaving an insoluble white residue. This residue
was insoluble in the several common organic solvents tried and apparently

TABLE XXXVIII

(U) ANALYSIS OF A PBEP-TVOPA(Z) MIXTURE

Contamination, wt-%
Evacuation Time, hr Water Methylene Chloride Acetone

2.5 0.087 0.259 0.018

3.5 0.083 0.156 0.015

5.0 0.066 0.083 0. 012

(1) These analyses were run on a GLC by Shell Development Corporation.

(2) PBEP lot number was 9557-99A. GLC of Shell's retainer sample of
this lot gave a value of 0. 013% water in the solution or 0. 04% based on
PBEP.
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did not react with sodium hydroxide solution but obviously reacted with
sulfuric acid. Infrared analysis indicated that it was not PBEP, contained
some NCO, and had aliphatic C-H and carbonyl groups.

(C) The product of the reaction of TDI and i, 2, 6-hexanetriol prepared
in the absence of PBEP had a similar spectrum. The apparent rapid rate
of reaction of TDI and the triol, as compared to the reaction rate of TDI
and PBEP(OH) with resultant separation to a heterogeneous system, would
cause either slow cures of lack of cure. This could be the reason for slow
cures obtained in the scaleup mixes. The formation of this precipitate also
explains the reported opacity of the PBEP/TVOPA gumstock during cure.

(C) Several hand mixes listed in table XXXIX were prepared from three
lots of PBEP to check if this separation was unique in one lot or a group
of lots. All hand mixes were milky after a few minutes of heating. Formu-
lation 2i5-140-Z using FeAA instead of DBTDA as in 215-140-I had the
same opaqueness. Mixes Z15-146 and Zi5-i50 using DMM instead of TDI
appeared the same except that 215-146 cured in 3 hours instead of Z4 hours.,
Reducing the percent of TVOPA to only 600 of the normal amount gave the
same type of opaqueness as the higher plasticized gumstock.

(C) Formulations 215-164-1 and -Z were prepared to test the effect of
1, 2, 6-HT versus glycerol in the same formulations. The white product
appeared about 10 min after addition of all ingredients in each case. Even
with heating after stepwise addition of each component, no cloudiness was
observed until the binder system was complete. Replacement of TVOPA
with dibutylphthalate or by systematically replacing each UTC curative
ingredient with one from Shell Development still gave gumstocks with the
same appearance.

(U) Because solvent and/or water retention could be adding to the cure
problem, a PBEP/TVOPA mixture was stripped at 80*C instead of the
usual 50*C for several hours. A sample was sent to Shell Development
for analysis by GLC. The water percentage was 0. 069%0 which was similar
to the percentage found in a sample stripped in a mixer at 50°C.

(U) However, no acetone was found; and the methylene chloride level
dropped from 0. 083%o in the 50°C sample to 0. 005%* in the 80°C stripped
material. Because it may be difficult to remove moisture below this level
by vacuum stripping at a reasonable temperature, the binder materials
are now being dried over molecular sieves while in solvent.
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i i. EVALUATION OF PBEP LOTS

(U) PBEP lot evaluation formulations are listed in tables XL, XLI, and
XLII. The lots tested were 9557-84, 9088-180, 9546-16, and 9557-99A.
This is a study that is routinely performed on all new lots of PBEP to
establish the optimum NCO and triol levels for the given lot. Experience
has shown that the formulations evaluated as a control technique by Shell
Development on these lots have exhibited satisfactory properties in the
PBEP/TVOPA/AP/A! propellant systems. In general, triol-to-diol and
NCO-to-OH ratios have been chosen in the middle ranges of those evaluated
by Shell.

(U) The cure was usually more rapid at the lower equivalents level,
although ultimately most samples reached approximately the same degree
of cure and exhibited approximately the same physical properties.

12. IMPACT SENSITIVITY OF PBEP AND PBEP PROPELLANTS

(U) The impact sensitivities of PBEP that have been reported by UTC
have been obtained on an Olin Mathieson Impact Tester using an open-cup
method. It was felt that the properties of PBEP, such as its extremely
high viscosity, placed this material more in the category of an uncured
propellant rather than that of a liquid sample. However, as some com-
panies have reported closed-cup impact values for PBEP much lower than
those reported by UTC's open-cup data or by Shell Development's closed-
cup data, several lots of PBEP were reevaluated using open- and closed-
cup methods. These data are listed in table XLIII for the neat PBEP. Data
on PBEP/TVOPA blends and on PBZP propellants are listed in table XLIV.

(U) In table XLIII both open-cup and closed-cup data are given. These
tests were run on freshly stripped material by the same operator in the
same time period. Where there is no closed-cup data reported, it was
because of the lack of material to rerun the test; and these data are
reported from the original work on PBEP. Of the numerous lots of PBEP
retested, only three lots gave an impact value of less than 11. 6 kg-cm by
either open- or closed-cup methods.. These lots were 8976-10, 8976-112,
and 9088-180. Lot No. 8976-i10 and No. 8976-iHZ were the first two sam-
ples of PBEP received. Lot No. 9088-180 gave a value of 5. 8 kg-cm in a
closed-up test -- once after the material had been aged for approximately
I month at room temperature -- in the neat stage. This value is, therefore,
considered somewhat questionable as being representative of that of normal
PBEP. Considerable variation was observed in lot No. 9088-180 over its
test history. Impacts as high as 90 kg-cm and as low as 17 kg-cm were
observed for this material. It is believed that the variation in these values
is a result of the difficulty in obtaining reproducible samples of extremely
viscous PBEP. However, from the testing at UTC, no samples of PBEP
appear to be unduly sensitive to impact.
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TABLE XXXIX

(U) FORMULATIONS FOR THE Wi

Formulation No. 215-038(1) 215-139() 215-140-1(2) 215-140-2(2) 215-1,

PBEP 44. 29 44. 25 45.77 45. 77 45.
PBEP lot 9557-99A 9557-99A 9557-84 9557-84 -9546.
TVOPA 44. 29 44. 25 45. 77 45.77 45.'
Diisocyanate 8.00 7.99 5.49 5.49 5.
Type of diisocyanate TDI TDI TDI TDI TD
i, 2, 6-HT 1.85 1.84 1.25 1. 25
Catalyst . 57 1.59 . 65 . 65 1.
Type of Catalyst DBTDA DBTDA DBTDA FeAA DBT]
Triol/PBEP(OH)(1 ) 0.90 0.90 1.58 1.58 L.!
NCO/OH(1 ) 1.00 . 00 1.32 1.32 .
Cure at 120*F, hr 7- 24 24 24 24
Remarks Uncured Cured Cured Cured Cur,

Formulation No. 215-164-1 215-164-2 215-167 215-168-1 215-i1

PBEP (9557-99A) 44. 29 44. 53 44. 29 44.48 44.i
Plasticizer 44. 29 44. 53 44. 29 44.48 44.1
Type of plasticizer TVOPA TVOPA DBP TVOPA TVOI
TDI 7.99 8.04 7.99 8.01 7. q
Triol 1.84 1.29 1.84 1.26 1.1
Type of triol 1, 2, 6-HT Glycerol 1, 2, 6--HT Glycerol t, 2, 6.
DBTDA 1.56 1.60 1.56 1.78 1.1
Triol/PBEP(OH)(1 ) 0.87 0.87 0.87 0.87 0. 4
NCO/OH(i) 1.02 1.02 1.02 1.02 1.
Cure at 120"F, hr 24 24 24 48 48
Remarks Cured Cured Cured Cured Cur]

(1) The triol/PBEP(OH) and NCO/OH ratios are based on 0. 108 hydroxyl equivalents per 10C
(2) The triol/PBEP(OH) and NCOIOH ratios are based on 0. 041 hydroxyl equivalents per 10C
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ABLE XXXIX

FOR THE MISCIBILITY STUDY

,(2) 215-141(2) 215-142(t) 215-143 (2) 215-144 (2) 215-145(2) 215-146 (2) 2t5-150(i

45. 77 57.61 60. 74 60. 74 45. 77 44. 35 53. 76
"9546-16 9557-99A 9546-16 9557-84 9557-84 9557-84 9557-99A

45. 77 24. 69 26. 03 26. 03 45. 77 44. 35 23. 03
5.49 12.41 8.70 8.70 5.49 8.42 18.23
TDI TDI TDI TDI TDI DMM DMM
1.25 2.86 1.98 1.90 1.25 1.20 2.68
1.65 2.47 2.60 2.60 1.65 1.60 2.30

DBTDA DBTDA DBTDA DBTDA DBTDA DBTDA DBTDA
1.58 0.90 1.58 1.58 1.58 1.58 0.90
1.32 1.00 1.32 1.32 1.32 1.32 . 00

24 24 24 24 24 3 24
Cured Cured Cured Cured Cured Cured Cured

215-168-2 215-168-3 215-168-4 215-170-1 215-170-2 215-170-3 215-170-4

44. 25 44. 25 44. 98 45. 62 45. 33 45.03 44. 74
44. 25 44. 25 44. 98 45. 62 45. 33 45. 03 44. 74

TVOPA TVOPA TVOPA TVOPA TVOPA TVOPA TVOPA
7.96 7.96 8.10 6.07 6.46 6.85 7.25

1.78 1.78 0.13 0.87 1.07 1.28 1.49

1, 2, 6-HT 1, 2, 6-HT Glycerol 1, 2, 6-HT 1, 2, 6-HT 1, 2, 6-HT 1, 2, 6-HT
1.77 1.77 1.80 1.82 1.81 1.80 1.79
0.87 0.87 0.87 0.40 0.50 0.60 0.70

1.02 1.02 1.74 L.00 1.00 1.00 1.00

48 48 48 48 48 48 48

Cured Cured Cured Cured Cured Cured Cured

ents per 100 g of polymer as determined by gel time studies by Shell Development.
ents per 100 g of polymer as determined by infrared by Shell Development.
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TABLE XLI

(U) PBEP LOT 9557-84 EVALUATION FORMULATIONS

F'ormulation 215-76-I 215-76-2 215-76-3 215-76-4 215-76-5

PBEP(M) 46.1 45.8 45.2 44.6 44.45

TVOPA 46.1 45.8 45.2 44.6 44.45

TDI 5.58 6.06 7.15 8.26 8.26

i, 2,6-HT 1.30 i.48 1.54 1.41 1.74

FeAA 0.92 0.91 0.91 0.90 0.90

Triol/PBEP(OH)(2 ) ---- --.- --- 1. 30

NCO/OH... --- --- --- 1.40

Cure at 120"F, hr 24 24 72 96 72

Remarks Cured Cured Cured Cured Cured

(1) PBEP lot was 9557-84.
(2) The triol/PBEP(OH) and NCO/OH ratios are based on 0. 075 hydroxyl

equivalents per 100 g of polymer determined by gel time studies rather
than a value of approximately 0. 041 as determined by infrared.

TABLE XLII

(U) PBEP LOT 9557-99A GUMSTOCK EVALUATION FORMULATIONS

Formulation 2i5-130-1 215-130-2 215-130-3 215-130-4 215-130-5

PBEP 44.64 44.25 44.05 43.95 44.84

TVOPA 44.64 44.25 44.05 43.95 44.84

TDI 7.86 8.41 8.85 9.03 7.71

I, 2, 6-HT 1.98 2.05 2.05 2.15 1.81

DBTDA 0.89 0.88 0.88 0.88 0.90

Triol/PBEP(OH)(i) 0.94 J.0 1.00 1. 05 0.87

NCO/OH(') 0.96 1.0 1.05 1.05 0.97

Cure at 120°F, hr 72 72 72 72 72

Remarks Well WegA Well Well Well
cured cured cured cured cured

(1) The triol/PBEP(OH) and NCO/OH ratios are based on 0. 108 hydroxyl
equivalents per 100 g of polymer determined from gel time studies
by Shell Chemical.
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TABLE XLIII

(U) IMPACT SENSITIVITIES OF PBEP SAMPLES

Open Cup Closed Cup Open Cup Closed Cup
E50 E 5 0  E50 E50

PBEP Lot kg-cm kg-cm PBEP Lot kg-cm kg-cm

8976-iib 6.0 -- 937.63A ii.6 35.2

8976-114 6.0 - 9165-107 14.3--

8976-126 28.9 --- 9088-180 17.0It) 20.2(2)

8976-130 Z3. 8 --- 9088-180 60-90(3)

8976-182 --- 22.2 9088-180 18.4 15.4

9305-8 55.4 27. 6 9557-84 28.0 42. 0

9305-9 20.2 --- 9456-16 21.2 17.8

9305-14 16.0 --- 9537-14 ... 25.8

9237-68D 17.8 41.4 9557-84 40.0 42.0

9237-86B 17.3 21.8

(1) Shell stripped material
(2) An impact oi 5. 8 obtained after one month ambient aging
(3) Original values
(4) Rerun
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TABLE XLIV

(U) IMPACT SENSITIVITIES
OF GUMSTOCK AND PROPELLANT

E 5 0 (1) E 5 0 (1) E 5 0 (1)
PEEP kiz-cm PBEP/TVOPA kSg-cmn Propellant kg-cm

8976-126 28.9 1/1 (U)( 2 ) 10.2z (U) 15. 0
8976-126 --- I/ I (C)(3) 117. Z (C) 27.6
8976-130 23.8 1/1 (U) 15.8 (U) 15.6
9165-107 14.3 --- --- UTX 8407 (U) 16. 1

UTX 8407 (C) 8. 3/
It. 6/

.11.4/
14. Z/
11.8(4)

--- UTP 3001 24.4
9237-68D 17.8 1/1 (C) 10.2 (C) * 15.0
9557-84 28.0--------
9456-16 17.8 --- --- UTX 8419-2 7.5
9083-180 90.0 1/1 (C) 120 (C) 31
9088-180 - 1/1 (C) 51
9088-180 --- Ii(U) 51. 0----

PEEP /OPE
9165-107 14.3 -I/I (U) 3.0 --

PEEP /OPE
9088-180 - 1/1 (U) 12.0
9088-180 -- 1/1 (C) 70
9088-180 18. 4 1/ 1 (U) 40(5) ----
9088-180 --- I/1I (U) (6) 19.2----
9557-84 40 --- --- UTX 8422 (C) 13.-6/

13. 3/
13. 6(7)

(1) Open cup
(2) Uncured
(3) Cured
(4) Results of five batches
(5) Smoke at 8 kg-cm
(6) Closed cup
(7) Results of three batches
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(U) A closed-cup impact value for TVOPA of 2.66 kg-cm was obtained
on a sample of Aerojet-synthesized material as compared with a previous
value on Rohm and Haas-synthesized TVOPA of 1.5 kg-cm. These values
are comparable and appear to be representative of the sensitivity of neat
TVOPA.

(U) No explanation could be given for the low values for the impact sensi-
tivity of PBEP reported by Rohm and Haas. However, because there is no
need at UTC for manual handling of either PBEP or TVOPA -- or the binder
materials without being diluted by solvent, the impact sensitivity of the
propellant appears to be more important than the sensitivity of the binder.
Impact values for propellant, such as those listed in table XLMI, usually
fall between 8 to 16 kg-cm depending upon the lot of PBEP and tCe state of

cure. Reproducibility of the impact values obtained from numerous batches
of the PBEP propellant is indicative of the impact sensitivity that can be
expected of PBEP-TVOPA propellant. The impact sensitivity range of the
cured propellant permits manual handling-- such as for transportation pur-
poses - but does, however, preclude any manual trimming or sawing type
of operation. It should be noted, however, that PBEP propellant has been
successfully sawed and milled in the UTC remote-milling facility without
incident.

(U) The reproduction of methods of testing at UTC was checked by resub-
mitting a sample of PBEP lot 8976-182 that had given a value of 24. 7 kg-cm
9 months earlier. A second value of 26 kg-cm was obtained which indicates
not only a consistency of method but also that this lot has remained at about
the same impact sensitivity for at least 9 months.

13. NFPA BINDER EVALUATION

(C) Currently, there are only limited data available comparing PBEP
with the Rohm and Haas NFPA binder. The NFPA binder is based upon
2, 3-bis(difluoramino)propyl acrylate monomer. This binder is copoly-
merized with approximately 5% acrylic acid to form a prepolymer with
carboxy functional groups. The prepolymer is cured by crosslinking with
UNOX 22i, a diepoxide manufactured by Union Carbide Company.

(U) Samples of Rohm and Haas formulation SE-103A were prepared for
both physical property, hazard, and thermal stability evaluation. These
results are directly comparable with PBEP samples under identical test
conditions.
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(U) Impact sensitivity of the prepolymer (PPAA-3-i01i) was 8. 0 kg-cm
(E 5 0 in OM open cup tester) and 11. 0 kg-cm for the cured propellant. Fric-
tion sensitivity by the ESSO Tester for the prepolymer and propellant was
positive with Pyrex glass grit at 100 ft-lb and 38 ft-lb, respectively.

(U) The Rohm and Haas formulation SE- 03A was scaled up to the ARC
mixer, and.physical property data were obtained on the propellant. Cross-
head values of tensile and elongation were 44.2 psi and 21. 90. True values
were 50.4 psi tensile and 13.676 elongation. The tensile values were com-
parable to those reported by Rohm and Haas, but elongation was lower than
reported. However, no attempt was rhade to optimize the physical prop-
perties of NFPA propellant.

"" -
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SECTION IMI

CONCLUSIONS

(U) In the preparation of the i-lb motors for the surveillance program,
a number of mixes were scheduled in the 2-qt Bramley-Bekin mixer. How-
ever, a problem was encountered in this work in that these mixes failedto
cure properly and exhibited signs of porosity. This problem has been thor-
oughly discussed in the quarterly reports. Several initial changes listed
below were evaluated as an answer to this problem:

A. The hot binder was evacuated before the FeAA cure catalyst
was added.

B. The order of addition of ingredients was changed.

C. Various mix temperatures and cure temperatures were
evaluated.

D. Analysis for residual solvent and water after evacuation were
run.

E. The cure catalyst level was varied.

F. Extended solvent evacuation was attempted.

G. The mixer was renovated for better vacuum.

(C) These variations did not completely cure the problem but did give
somewhat better propellant than previously. Conclusions that maybe drawn
from experimental results based on these changes are as follows:

A. There is enough residual HF in the hot binder at least to
deactivate part of the FeAA.

B. 1, 2, 6-hexanetriol added last after a prereaction of the diiso-
cyanate and PBEP does give better propellant, but the cures
can be too rapid.

C. The standard 120 F mix and cure temperature was adequate.
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D. Extended evacuation does decrease the residual solvent

and water.

E. An FeAA level of at least 0. 216 based on total formulation
was necessary.

(C) Although the propellant was somewhat improved by these variations,
the major problem was not identified until it was discovered that the
i, 2, 6-hexanetriol reacts much more rapidly than PBEP does with the diiso-
cyanate. The triol-diisocyanate reaction product separates from the sur-
rounding binder. This leads to either very slow cure or no cure at all. The
cure problems were renmedied by a longer residence time in the mixer after
all ingredients had been added. Additionally, lower cure ratios were used
than might have been expected from the qualitatively determined hydroxyl
equivalents, These changes gave well -ed propellant from both the ARC
and Bramley-Bekin mixers.

(C) No basic incompatibility apears to exist between AlH 3 and the
PBEP/TVOPA binder. No gassing appears to occur on cure of the pro-
pellant or even after 3 months at ambient temperatures with AP or HAP
as the oxidizer. The resultant propellant is impact and friction sensitive.
However, HAP- either with AIH3 or A! in the NF 2 binder - lowers the
autoignition temperature. The HAP propellant has about the same impact
and friction sensitivity as if AP were the oxidizer. HAP propellant is nruch
more hygroscopic and must be handled in dehumidified atmospheres.

74

CONFI DENTIAL

* - *¶*'~* --



UNCLASSIFIED UTC2oo_

REFERENCES

"1"Evaluation of PBEP, a High-Energy Binder (U)," Final Report,
UTC ZI?5-FR, Contract No. AF 04(61I)-10540. United Technology
Center, May 1966. (CONFIDENTIAL)*

2. "Synthesis of High-Energy Solid Oxidizer Binder Propellants (U),"
Quarterly Report No. 7, April- June 1964. Shell Development
Company. (CONFIDENTIAL)*

3. "Evaluation of High-Energy Binder (U)," Quarterly Progress Report
No. 1, UTC 2200-QPRI, 1 March to 31 May 1966, United Technology
Center, 1966. (CONFIDENTIAL)*

4. "Evaluation of High-Energy Binder (U)," Quarterly Progress Report
No. 2, Technical Report AFRPL-TR-66-255, UTC ZZ00-QPRZ,
i June to 31 August 1966, United Technology Center, September 1966.
(CONFIDENTIAL)*

5. "Evaluation of High-Energy Binder (U)," Quarterly Progress Report
No. 3, Technical Report AFRPL-TR-66-354, UTC 2200-QPR3,
I September to 30 November 1966, United Technology Center,
December 1966. (CONFIDENTIAL)*

UNCLASSIFIED
•ili! :• • i • :•:' '.~i .: :.• 1 ii • :. . : • ..... .• ..... , o:,• -:. • •;• •:•!:L;-:L::"-• ;! ;- r:•



UT 200FR UNCLASSIFIED

76

UNCLASSIFIED



UNCLASSIFIED
Scurity Ciamficiamtlon I'

DOCUMENT CONTROL DATA. R&D
feosufloy 01*01fleatoteg 91 ell#, boo #I 1ob eef, aned • df#•euxin M llp oval A mull be A ml ee overolI report I& /Ioail//d)

I. 0414INAITING ACTIVITY (CIIIEOae authlIo 4PICA YION

United Technology Center [nn-
P. 0. Box 358 [26. mORU,
Sunnyvale, California 94088 4
'I AEPOR? TITEi

EVALUATION OF HIGH-ENERGY BINDER

4. O9ECAIPTIV9 NOTES (m of ,MGM & N• O hotVll df•)i.
Preliminary Final Report - I March 1966 to 28 February 1967

I. AUTHOO(S) (MWt nm e. btml n 10, 14dlii)

Allen, Paul L.
Ives, Edwin K.
Kumagai, Robert M.

0. 11PO1 DATE ii 7o. TOTAL NO. OF PANOE 76. NO. O0 RGPI

June 1967 78 + front matter 2
$a. CONTRNACT ON GRAN? NO. & "ONIINATON'I NUPONr NUMGUSN)

AF 04(6tl)- 1404 UTC 2200-FR (Preliminary)

3148
86 74=011 NOMS (Atop ci.,mhowire fe wAy I* opo..110

AFRPL-TR-67-1 ii

If. AVAII.ABILITY/&IMIATION NOTICES Inaddition to security requirements wliclimust be met,
this document is subject to special export controls and each transmittal to foreign
Fovernrents or foreign nationals may be made only with prior approval of AFRPL
(RPPR/STINFO), Edwards, California 93523.

1, S.JPPLEMEl. NIAPNY NOTiES IS. SIoNIORINO MIIITARY ACTIVITY
Air Force Rocket Propulsion Laboratory

N/A Research and Technology DivisionN/A Air Force Systems Command, USAF

i__ _nEdwards, California
IS. A•ETRACT (UNCLASSIFIED)

The high-energy binder, PBEP, has been evaluated in prototype propellant formu-
lations. Cure problems encountered have been resolved by introducing changes
in the original process variables. There ippears to be no basic incompatibility
between AlH 3 and the PBEP/TVOPA binder system. A 100-g motor has been
successfully fired based on these ingredients with AP as oxidizer. Good cures
were obtained on AlH 3 propellant with a high binder level with one ambient cured
formulation giving a stress of 121 psi and strain of 52%. Surveillance studies of
2-in. cubes of propellant have indicated that DBTDA cure catalyst may have
better aging characteristics than a cube with FeAA cure catalyst, although the
two cubes did contain different PBEP lots. HAP appears to be compatible in
either the NF 2 binder/Al system or NF 2 binder/AmH3 system. Samples of these

formulations have been stored for several months under dry conditions with no
signs of deterioration.

PFORM I7DD I JAN4 1473 77 UNCLASSIFIED p
Security Classification



Security Classification_______________ ______

KE won" LIN K A LINK r- LINK C
KEMOO OLE WY ROLE WT ROLE WY

I' High-Energy Binder
TVOPA
FIBEP

INSTRUCTIONS
L. ORIGINATING ACTrATY6 Enter the nime and a a,. moe yscrt lsiiais sn tnadaaeet
Of the contractor. aubcontractor. grantee, Depwtnvtnt of Do. ipsuc d byscrt lsiiain5sn tnadsaeet
ferk" activity or other organization (coqprwori agatha) issuing (1 reutm maobincpsofti
the report. ( epo) Qulfidrqetros myoDanCcpesoti

2a. REPORT SECUUTY CLASSIFICATION: Enter the @vme. ( report~g from emn an dssmia.o . t

all security classification of the report. Indicate whether(2 "Frinrmsatladdseiaio fhs
"Restricted Data" Is Included, Marking is to be in accord. repot by DDC Is not authorlssd.'1
sacs with appropriate security regulatloas. (3) "U. S& Government agencies may obtain copies of
2b. GROUP- Automatic downgrading is specified in DOD Di- this Iwort-directly from DDC. other qualified DDC
rective 5200. 10 mad Armed Forcest industrial Manul. Enter usr shall1 request through
the group number. Also, when applicable. show that optional
mwing aebenue orGop3sa ru uhr (4) 11U. S. military agencies may obtain copies of this

l~ad, report directly fro DDC. Other qualified users
3. REPORT TITLE: Ewer. the complete report title in all ithall reques through
capital letter, TIUis in all cases should be umclartsitiedi.
If a meaningful title cannot be selected without clelosfics. 0

tiOn, show title classification in all capitasl in parentheais (5) "Ali distribution of this r~eot is controlled. Qual.
lminedietely following the Utli. iflad DDC users shall roequet through

4. DESCRIPTIVE NOTES If appropriame, eter the type of_____________
report, e~g., interim. progress, summery, annual, or finS.I h eol a enfrise oteOfieo ehia
Give the inclusive date, when a apecific reporting period is Sertces Depaortmn of Commeurcisedosl to the Ofieoflio hndi.a

S.overHsdS. EtrtenmsOfvbrsashonft Cato this fect sand enter the price, if known.
5,~~~~~~~~~~~~~ ALHR(~ Ene h aes fato~) hw n~ SUPPLZagg ARay NOTE& Use for additionai eaplese.

of in the report. Enter lost name, first names, middle initial. toy enFIf mrilitary. show rank sand branch of service. The name of o nts
the principal u.athor is an asbolute minimum requirement. 12. SPONW)RING MILITARY ACTIVITY: Eater the name of

6. RPOR DA~_ rtor he ate f te qman ay. the departmental Project Office or laboratory sponsoring (pay.
mot. yeaOrT Dor Eonter the dat more then repordte opoes da,"A 'or) the reaearch and developmant. Include addreas.

mon th. yearort.month.daeas If mublic than, oedt 13. ABSTRACT, Enter an abstract giving a brief and factual
7& OTA NUBEROF PAGES: The total page count summafilry Of the document Indicative of I * report, even though

7houl ToTllo noUmal pgntoprcdes nert it mayI- alOP f apea 1eswhere in the body of the technical re-
shuld Ofolo Pgscnoralianiaong prdocladwti e. e16 h port. If dditional apace is re"Ired a contiaauation shoat sthall

7uber oUBE pagF RoFEREN CE& noRmation tta.msee be attached.
7b. UMUR O REFRENEI nte thetetl - ~' It is highly desirable that the Obstruct Of classified reports

refeence cied i th reprt.be unclasstIfied Each Paragraph Of the abetract shall end with
B&. CONTRACT OR GRANT NUNDER it appropriate, enter an indication of the military security classification Of the in.
the applicable number of the contract or grant istlo which formation in the Ps11061111. represented as rTs). (s). (c). at ( u).
the report we. writteni. There is no limitation on the length Of the ashtract. How.

86 Sb,.& & "L PROJECT NUMIBER roter the appropriate ever, the suggested length is from ISO to 225 words.
military deportment identification. each as project number,
subproject number. system numbers. task mnber. eto. 14. KEY WORDS: Key wordo ame technically meaningfual terms

Of short Phrases that characterize a report and may be used as
9a. ORIGINATOR'S REPORT NUMBER(S): Enter the of&i Indext entries for cataloging the report. Kay wards must be
ciel report number by which the document will be identified aelected so that no security cleassification is required&Ieni
and controlled by the originating activity. This number met"easc s qimt mdldaiito. rd a e, miiar

be unque o tha reort.Project code name. geogrsPbic location. may he used as key
Ib. OTHER REPORT NUM9EWS). If the report he. be"u words but will be followed by -n indication Of technicsl con.

a1saigned any other repor numbers (edther by the originaree text. The assignment of links, rule., sand weights is optional.
or by the sponsor), also enter thits numuber(s).

itstions, on further disseminationt of the report. other than tI7

10. ~ ~ ~ ~ ~ 7 AVILBLIYLIIATOSNTIS Etr nEhD

Seuiy lsifcto


