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[57] ABSTRACT 

This patent describes a novel solid propellant formula 
tion containing a hydroxy-containing polybutadiene 
polymer, a solid oxidizing agent and having a high sol 
ids content; the improvement wherein the propellant 
has an increased pot life and reduced viscosity by the 
incorporation therein of a small effective amount of a 
compound selected from the group consisting of those 
having the generic formula: 

1? 
R’—N—R’, 

wherein R is hydrogen, al-hydroxy alkyl, phenyl, cy 
clohexyl, 

R’ is an w'hydroxy alkyl or hydroxyphenyl, R" is al 
kyl, and n is an integer from 1 to about 20; or 

wherein R’” is an alkyl or aryl group and m is an inte 
ger from 1 to about 20. This invention also includes 
the method of forming said formulation, and casting 
and curing the same to form a solid propellant. 

4 Claims, 2 Drawing Figures 
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PROCESSING AIDS FOR 
HYDROXY-TERMINATED POLYBUTADIENE 

PROPELLANT(U) 

BACKGROUND OF THE INVENTION 

Most methods of improving propellant flow proper 
ties involve the use of surfactants which coat the sur 
face of the propellant solids, do not become part of the 
crosslinked binder and, hence, disrupt the solids-binder 
bond causing a deterioration of the propellant mechan 
ical behavior. This invention reduces the viscosity and 
extends the pot life of hydroxy-terminated polybutadi 
ene composite propellants while improving the resis 
tance of the binder towards oxidative attack. The im 
provements in pot life and viscosity will allow addi 
tional time for motor casting after the addition of the 
curing agent, thus providing greater assurance of void 
free castings and, hence, improved grain integrity. In a 
preferred embodiment, this invention reduces the vis 
cosity and extends the pot life of high solids loading hy 
droxy-terminated polybutadiene propellants and simul 
taneously provides an enhancement of propellant me 
chanical behavior over a wide temperature range. 

SUMMARY OF THE INVENTION 

Brie?y, this invention comprises a novel solid propel 
lant formulation containing a hydroxy-containing poly 
butadiene polymer, a solid oxidizing agent and having. 
a high solids content; the improvement wherein the 
propellant has an increased pot life and reduced viscos 
ity by the incorporation therein of a small effective 
amount of a compound selected from the group con 
sisting of those having the generic formula: 

wherein R is hydrogen, m-hydroxy alkyl, phenyl, cyclo 
hexyl, 

R’ is an w-hydroxy alkyl or hydroxyphenyl, R" is alkyl, 
and n is an integer from 1 to about 20; or 

(i r \ l (R 0 \cm/mlz 
wherein R'” is an alkyl or aryl group and m is an inte 
ger from 1 to about 20. 

It is an object of this invention to provide a novel pro 
pellant formulation having increased pot life and re 
duced viscosity. 
More speci?cally, it is an object of this invention to 

provide a propellant of increased pot life and reduced 
viscosity having a high solids loading. 

It is a further object to improve the manufacture and 
casting of propellants based on hydroxy-terminated 
polybutadiene binders, and preferably based on the 
polyurethane polymer resulting from the reaction of a 
hydroxy-terminated polybutadiene and an organic di 
or polyisocyanate. 

In a preferred embodiment, it is an object of this in 
vention to provide a propellant having improved me 
chanical properties in the cured state together withrim 
proved pot life and reduced viscosity in the uncured 
state. 
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2 
These and other objects and advantages of this inven 

tion will be apparent from the following detailed de 
scription taken in conjunction with the accompanying, ‘ 
drawings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Compounds containing the general structure 

0 
I \ \ 

wherein R'” and m are as de?ned above, are effective 
processing aids in the preparation of high solids loading 
hydroxy-terminated polybutadiene propellants. Specif 
ically, ammonium perchlorate propellants prepared 
with hydroxy-terminated polybutadiene prepolymers, 
cured with aliphatic or aromatic diisocyanates or poly 
isocyanates and plasticized with hydrocarbon or ester 
species, show a substantial improvement in viscosity 
characteristics in the presence of small quantities of 
these materials. 
This invention improves the processing characteris 

tics of high solids loading hydroxy-terminated polybu 
tadiene propellants and simultaneously provides im 
provements in the uniaxial tensile properties of these 
propellants over the temperature range of —75 to 
+160°F by the use of the compounds having the for 
mula 

wherein R’ is as defined above. Compounds found to 
provide this enhancement in flow properties and me 
chanical behavior belong to a family of substituted al 
kanol and hydroxyphenyl amines. The most dramatic 
improvements in both propellant processing and me 
chanical property behavior was obtained with either 
diethanola‘mine or triethanolamine. 
While not bound by any theory, it is believed that the 

compounds of the above formulae react with the am 
monium perchlorate and/or ammonium nitrate oxi 
dizer, liberating ammonia and tightly adhere to the sur 
face of the oxidizer. 

The hydroxy species present in the amines react with 
the isocyanate curing agent, thus forming a ?rm bond 

‘ between the solid oxidizer and the crosslinked binder. 
Compounds of this type contain at least two functional 
groups (e.g., OH species) which form a complete poly 
vmer network. The improvement in flow properties 
(wetting action) achieved with the alkanol amines oc 
curs by providing a “bridge” between the polar solid 
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oxidizer and the essentially non-polar binder, thus re 
sulting in greater compatibility between the binder 
components and the solid oxidizer. 

III 

The oxidizer-binder bond which is formed and is be 
lieved to account for the mechanical property improve 
ments, is assured by the completion of the above reac 
tion with hydroxyl species. 
Thiodipropionate esters of the general structure 

where R'” is either an alkyl or aryl radical, also reduce 
the initial viscosity and extend the pot life (as deter 
mined by the time between curing agent addition and 
time when the propellant viscosity at +135°F reaches 
30,000 poise) of solid rocket propellants based on hy 
droxy-terminated polybutadiene binders. 

In general, the propellant formulations of this inven 
tion contain inorganic oxidizing‘agents such as ammo 
nium perchlorate, ammonium nitrate and potassium 
perchlorate; organic oxidizers such as cyclotrimethy 
lene trinitramine and cyclotetramethylene tetranitra 
mine; metallic fuels such as powdered aluminum, be 
ryillium, boron and magnesium; plasticizers such as hy 
drocarbon oils and high molecular weight esters; and 
curing or crosslinking agents such as toluene diisocya 
nate, hexamethylene diisocyanate and isophorone di 
isocyanate. The solids content of these propellants may 
range up to 92 percent, where these solids consist of 
the oxidizer(s) plus the metallic fuel(s). 
The effect of the compounds of the above formulae 

is to make the solids and the polymeric fuels more com 
patible, resulting in better wetting of the solids by the 
liquids, and hence, better flow properties of the slur 
ries. A typical example of the improvements in the vis 
cosity of a highly loaded hydoxy-terminated polybuta 
diene propellant is shown in FIG. 1 for the thiodipropi 
onate esters di-2-ethylhexyl-thiodipropionate, dilauryl 
thiodipropionate, and distyryl thiodipropionate. In all 
cases, regardless of whether the structure contains aro 
matic or alkyl groups, a similar effect of reduction of 
propellant viscosity is achieved. As shown below, this 

4 
improvement in ?ow characteristics is achieved with 
out deterioration of the state of cure. 
The following propellant formulations were pre 

pared. , 

(C) Propellant number -- _ . . _____ 1 2 3 4 5 

1O Ingredient weight percent: 
Nmcio. ___________________ ._ 68.00 68. 00 as oo 68. 00 68.00 
Powdered aluminum__ 18. 00 1& 00 18. 00 18.110 18. 00 
F820: _______________________ _. 1.00 1.00 1.00 1.00 1 0O 
Hydroxy-terminated poly- 4 
butadiene. _ . .-_ 7. 700 7.700 7.700 7. 812 

Triethanolamine.___ . 037 . 037 . 037 .... .. 

Toluene diisocyanate . 453 .453 453 . 443 
1 5 Dioetyl azelate ____ _. 4. 410 4. 410 4. 410 4. 445 

. symzdir?rnaphthyl-p 

phenylene diamine ________ ._ ' 0.20 0.20 0.20 0.20 0. 200 
Ditridecyl thiodipropionate _________________________________ _ _ 0. 100 
Di-2-ethy1hexylthi0dipro 
pionate 0.20 . 

Dilauryl thiodipropionate ................... __ 0. 20 ____________ __ 

Distyryl thiodipropionate ___________________________ _. 0. 20 ____ .. 

20 ‘A _ _ v??w?w “ V W 

25 (C) Propellant number ................. _- 6 7 8 9 

Ingredient, weight percent: ' 
NH4C104 ___________________________ -_ 68.00 68. 00 68.00 68. 0O 
Powdered aluminum__ ___- 18. 00 18. 00 18. 00 18.00 
F6203 ............................... _- 1.00 1.00 1. 00 1.00 
Hydroxy-temilnated polybutadiene... 7. 761 7. 761 7. 418 7. 690 
Trinthannlaminn , 037 _ 

Diethanolamine. 0. 037 
30 Bis-hydroxy ethylcyclohexylamine ................. __ 0.276 _.___. 

Bls-cyanoethyl dlhydroxy-propyl 
amine.._ .. __ 0.074 

Toluene diisocyanate _______________ __ 0. 457 . 457 0. 56 0. 591 
Dloctyl azelate ______________________ .. 4. 445 4. 445 4. 445 4.445 
Sym-dl-?-naphthyl-p-phenylene 
dlamlne ..... __. __________________ _. 0. 20 0. 20 0. 200 0. 200 

Ditrldecyl thiodlproplonate _________ _- 0.10 0.10 0.100 0. 100 

35 __ ,. a 

40 Shore A 
Batch Thiodipropionate ester, % Hardness 
No 
1 None (control) 60 
2 di-Z-ethylhexylthiodipropionate 44 
3 dilauryl thiodipropionate 56 
4 65 

55 

65 

distyryl thiodipropionate. 

The improvement in propellant processing that can 
be achieved with the tertiary amine bonding agents is 
shown in FIG. 2. The best results are obtained with ei 
ther diethanolamine, triethanolamine, cyclohexyl sub 
stituted diethanolamine, or combinations of the above 
three with other bonding agents. This can be seen by 
comparing the viscosity buildup of Propellant 5 which 
contains no bonding agent to Propellant 6, Propellant 
7 and Propellant 8 which contain diethanolamine, tri 
ethanolamine and cyclohexyl substituted diethanol 
amine. Also, comparison of the viscosity characteristics 
of Propellant 6 to propellants containing any of the 
above three bonding agents in combination with other 
bonding agents also demonstrates superior processing 
properties for the latter systems. 
The mechanical behavior of these propellants over a 

wide temperature range (as measured by both uniaxial 
tensile properties and in strain evaluation cylinders) is 
shown in the following table. 
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V W'rLABLnLEU) iaF?isaxaeseswm‘Foam w'r PERCENT SOLIDS PROPELLANTS‘ 

+160 to -—75° F., thermal cycling 
Unlaxlal tensile properties strain, percent 

TDI Test 
_ level, temp., mp, cm, eh, E.,, Sec. 1st 5th 10th 

Batch number Bondlng agent eq. ° p.s.i. percent percent p.s.l No. cycle cycle cycle 

Propellant: 
, _ +77 95 3a 34 37s 1 F F F 

6 .............. __ Diethanolamme ........... t. 65 —40 205 41 53 1,360 2 F F F 
-75 366 40 52 4,925 3 22. 5 F F 

4 21. 1 F F 
+77 132 32 32 568 1 F F E 

7 .............. .- Trletbanolamine .......... A. 70 —40 260 49 53 1, 436 2 F F F 
-—75 510 45 56 5, 372 3 22. 2 ‘ 22. 0 22. 2 

4 21.9 21. 9 F 
_ +77 66 36 40 267 1 F F F 

s .............. .. Bis-hydroxy ethyl cyclo- 70 -—40 163 18 58 1,578 2 F F F 
hexylamme. —75 364 9 52 6, 617 3 F F F 

4 21. 4 23. 0 F 
+77 68 29 32 320 1 F F F 

9 ______________ .. None (control) ............ .. 75 —40 167 18 31 1,562 2 F F F 
--75 302 12 32 4,870 3 F F F 

4 22, 5 F F 
+77 109 37 38 390 1 F F F 

10 ............. .. Bls-eyanoethyl dihydroxy- 73 —-40 235 33 36 1,857 2 F F F 
propylamine. -75 417 31 44 4, 903 3 22. 8 22. 8 F 

4 23. 0 21. 4 23. 0 

The effect of the-‘various’ bonding agents'on low tem 
perature (~40°F and —75°F) mechanical properties can 
be seen by comparing the results from batch Propellant 
5 (no bonding agent) to the results from the other pro 
pellant batches. A dramatic improvement in the uniax 
ial tensile properties over the entire temperature range 
‘can be seen upon incorporating bonding agents into the 
propellant formulation. The best results are obtained 
with either diethanolamine or triethanolamine, (com 
pare batches Propellant 7, Propellant 9 and Propellant 
6 to Propellant 5). 
The improvement in thermal cycling strain capability 

can be seen by comparing Propellant 5 (no bonding 
agent) to Propellant 7 (triethanolamine bonding 
agent). With the triethanolamine bonding agent the 
thermal cycling capability (160°F to ~75°F), was in 

‘ creased from 22.5% for one cycle in the propellant 
containing no bonding agent to 10 cycles at 22.2% in 
the propellant containing triethanolamine. 
Having fully described the invention, it is intended 

that it be limited only by the lawful scope of the ap 
pended claims. 
We claim: 
1. A novel solid propellant formulation comprising a 

hydroxy-containing polybutadiene, a solid oxidizing 
agent and having a high solids content; the improve 
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meit'tméiei?he propellant has éH'i?¢iea§ed pot life 
and reduced viscosity by the incorporation therein of 
a small effective amount of di-2-ethylhexylthiodipro 
pionate. 

2. A novel solid propellant formulation comprising a 
hydroxy-containing polybutadiene, a solid oxidizing 
agent and having a high solids content; the improve 
ment wherein the propellant has an increased pot life 
and reduced viscosity by the incorporation therein of 
a small effective amount of dilauryl thiodipropionate. 

3. A novel solid propellant formulation comprising a 
hydroxy-containing polybutadiene, a solid oxidizing 
agent and having a high solids content; the improve 
ment wherein the propellant has an increased pot life 
and reduced viscosity by the incorporation therein of 
a small effective amount of distyryl thiodipropionate. 

4. A novel solid propellant formulation comprising a 
hydroxy-containing polybutadiene, a solid oxidizing 
agent and having a high solids content; the improve 
ment wherein the propellant has an increased pot life 
and reduced viscosity by the incorporation therein of 
a small effective amount of a dithiodipropionate se 
lected from the group consisting of ditridecyl thiodi 
propionate, di-2-ethylhexyl thiodipropionate, dilauryl 
thiodipropionate, and distyryl thiodiopropionate. 

* * Ill 


