Scientific Technical Review,Vol.LIV,No.3-4,2004

UDK: 623.4.081.1:66.022.387
COSATI: 21-09

The Effect of Additives on Solid Rocket Propellant Characteristics

Vesna Rodi¢, BSc (Eng)”
Mirjana Petri¢, MSc (Eng)"

The effect of different additives on viscosity gradient of composite rocket propellants (CRP) based on hydroxytermi-
nated polybutadiene (HTPB) cured with isophorone-diisocyanate (IPDI) or dimeryl-diisocyanate (DDI) containing
ferry-oxide or copper- chromite and CRP based on polyurethane (PU), cured with toluene-diisocyanate containing

ferry-oxide are presented in this paper.

The effect of tetracycline (TC), pyrogallol (PG), diester of phosphoric acid (RM-410), acetylacetone (HAA) and curing
catalyst comprising triphenyl bismuth (TFBi), maleic anhydride (MA) and magnesium oxide (MgO) on propellant

viscosity and cure rate profile is also given.

Key words: composite rocket propellant, viscosity, additives, effect of additives, additive effect tetracycline, pyrogallol,

triphenyl bismuth, acetyl acetone.

Introduction

PART from the basic components, such as oxidizer,

mostly ammonium perchlorate (AP) and binder, as
cured polymer containing plasticizer, bonding agent,
antioksidant, curing rate modifier etc. which regulate
physico-chemical ~and  mechanical  characteristics,
composite rocket propellants (CRP) comprise versatile
additives. Some of them function as burning rate modifiers,
mechanical characteristic additives, improve processibility
etc. The physico-chemical behaviour of propellants vary
significantly depending on the additive type and quantity.
In addition to the effect of the catalyst on polymer curing,
these compounds can establish the secondary bonding to
propellant components and influence the viscosity and
mechanical characteristics of the CRP.

During many grains production processes from CRP as
thermosetting material hardening at enhanced temperature,
propellant viscosity is required. The minimum time needed
within which the propellant cast is satisfactory must be
observed, so that homogeneous propellant consistency is
provided during grain casting. If viscosity value changes
significantly over time, quality of the grain can vary
depending on the period of the casting process: has it been
cast at the beginning or end of the process.

The available time for homogenizing and casting the
propellant after adding the curing agent is called "pot life"
in the terminology of CRP. That period depends on the
curing system, type and quantity of the filler and additives
present. In most cases, a small amount of burning rate
catalyst, especially iron, chrome and copper compounds,
shorten the pot life [1, 2]. In order to prevent such effect,
additives with which metals from these catalysts build
appropriate, non-catalyst complexes are applied.

The efficiency of additive is determined by its chemical
structure. Depending on the type of polymer applied in the

binder matrix, one kind of additive will be chosen.
Ferryacetyl acetonate, ferryoctoate and different types of
amine are used in CRP based on PU, because of their effect
on pot life. Certain types of compounds like acetyl acetone,
tetracycline and substituated aniline retard the curing
reaction, but at the same time provide networking over a
suitable period of time, ensuring the required propellant
quality [3, 4, 5]. TC, shown in Fig.1, can form a metal
complex across carboxyamide (ring A) or with hydroxyl-
keto part of the rings (B, C)

Figure 1. Tetracycline

Figure 2. Triphenyl bismuth
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Figure 3. Maleic anhydride

For cure rate controlling of propellants based on
hydroxy-terminated polybutadiene (HTPB) prepolymer, the
catalyst system comprising organo-metallic compounds and
carboxylic acids or compounds convertible thereto by
reaction with active hydrogen (anhydride carboxylic acids)
are used. Triphenyl bismuth and maleic anhydride are the
most frequently used (Figure 2 and 3), as well as their
combination with magnesium or calcium oxide [6]. In
addition to TC, aniline and its derivative are efficiently
used as this type of additives for carboxyterminated
polybutadiene (CTPB). Components for improving
mechanical properties such as bonding agents have
significant influence on the viscosity by means of chemical
structure and bond creation with propellant components [7].
These compounds ensure pot life control and short curing
period, resulting in energy saving and capacity
amplification in propellant production.

Experiment

Two basic types of propellants, with different binders
were used for the experiment:

- Based on hydroxyterminated polybutadiene (HTPB),
cured with isophorone-diisocyanate (IPDI) or dymeril-
diisocyanate (DDI). Bimodal mixture of AP with mean
particle sizes of 200 um and 7 — 8 um 72 mas.% was
used as oxidizer. Bimodal mixture of Al, the burning rate
stabilizer, with mean particle sizes of 15 um and 30 um
13 mas.% as metal component which, owing to its den-
sity (> than AP) helps overcome the difficulties caused
by increased viscosity. Tris-1-(2-methylaziridinyl)
phosphineoxide (MAPO) and 2,2-methylenebis [6-(1,1—
dimehylethyl)-4-methylphenol] (AO22) were used as
bonding agent and antioxidant, respectively.

- Based on the mixture of polyetherpolyols (diols — Pluriol
2000 and triols — Arcol 1131) in 70 : 30 ratio, cured with
toluene-diisocyanate (TDI) — PU propellants — contain-
ing 73 mas.% of the same bimodal mixture of AP, where
ferryacetylacetonate Fe(AA); was used as the curing
catalist. These compositions were nonaluminized and
triethylene  tetramine (TET) and  N-phenyl-p-
napftylamine (FBNA) were used as bonding agent and
antioxidant, respectively.

The dioctyladipate (DOA) was the plasticiser in all
propellants. The two types of HTPB were used as the basic
prepolymer: D R-45HT polymer and 2 R-45M polymer,
which were derived by 1) radical and 2) anionic
polymerization.

The propellant compositions based on HTPB/IPDI and
HTPB/DDI were made first without the oxides of iron,
Fe,03, and copper, CuCr,0,, as burning rate catalysts and
then including them; these compositions can be seen in
Table 1.

Table 1. CRP/HTPB - no additives (control base)

o | A oDy | Fei0s %] [CucO, %]
1! DDI 21,62

2! DDI 21,62 1,0

6' IPDI 7,49

9? IPDI 8,49 1,0

132 IPDI 8,49 1,0

In Tables 2 and 3 the same propellants are shown with
different types of additives included.

Table 2.: CRP/HTPB/1 % Fe,0s plus additives

B’;‘;h CA Rl\[%m TC [%] [};G] TFBi [%]|MA [%]|MgO [%]
3! DDI 0,2

4? DDI 0,2

52 DDI 0,025 | 0,025 | 0,025
7! IPDI 0,4

8! IPDI 0,2

10> | IPDI 0,1

11> | 1PDI 0,025 | 0,025 | 0,025
12> | IPDI 0,04 0,04 0,04
18 | IPDI 0,15

19> | 1PDI 0,05 0,05
20> | 1PDI 0,02 0,02

21> | IPDI 0,2

Table 3. CRP/HTPB/1 % CuCr,O, plus additives

No RM-410| TC | PG - . .
Bateh | €A 6] | o] | %] TFBi [%] | MA [%] | MgO [%]
14> | 1PDI 0,2

15> | IPDI 0,025 0,025 0,025
16> | IPDI | 0,2

17> | IPDI 0,1

PU propellants were mixed with iron (III) oxide as
shown in Table 4.

Table 4: CRP/PU/1 % Fe,O; plus additives

Bi‘éh Fe,05.[%] | TC [%] T[};ﬁ' MA [%] Fe&?h H[‘f/\o?
2 1 0,03 | 0,009
23 1 0,03
24 1 02 0,03
25 1 003 | 003 0,03

All batches were homogenized in the vertical planetary
mixer, under vacuum, at 50 °C, because of the beneficial
effect that the lower mixing temperatures have on the level
of viscosity [8]. The HTPB propellants were cured for 120
h, while PU propellant curing lasted for 72 h, at 70 °C. The
viscosity changes of all batches during this period were
observed and the possibility of reducing the viscosity of
propellants from Tables 1 - 4, including iron-oxide (Fe,O;)
and copper-chromite (CuCr,O,4) as burning rate catalysts,
by some of the represented additives (TC, PG, HAA, RM-
410, TFBi, MA, MgO) was examined. Considering the fact
that this effect is related to the curing process, it is expected
that it is also reflected on the propellant's mechanical
characteristics, [9]. Propellant viscosity change over time
due to the curing process is determined by Brookfield HBT
viscometer, at spindle revolution of 5 min”!, and test
temperature of 50 °C.
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Results and discussion

CRP containing catalysts Fe,O; or CuCr,O; show
sharper time—viscosity change dependence than ones
without them, decreasing pot life. Viscosity changing rate
depends on the curing agent (CA) type. Propellants based
on HTPB/IPDI show smaller viscosity progress than
HTPB/DDI propellants [10]. In the presence of catalyst all
negative effects become significant, which can be seen in
Fig.4. The greatest growth has been attained for No. 2, a
combination of DDI/ferryoxide. In case of IPDIl/any,
catalyst viscosity does not differ significantly.
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Figure 4. Effect of Fe,03, CuCr,0,4 and CA type on viscosity

In Fig.5, the effect of TC in HTPB/IPDI/Fe,0;
propellants is shown. Great growth of viscosity from the
basic No. 6 to No. 2 is apparent, but by adding TC, pot life
is extended and viscosity values at the beginning reduced.
Furthermore, it is better to use smaller amount of TC - 0,1
mas.% or 0,2 mas.%, (No. 8 and No. 10) than 0.4 mas.%
(No. 7). The optimal amount of TC depends on the type and
content of the propellant components.
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Figure 5. Effect of TC on viscosity of HTPB/IPDI propellants
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Figure 6. Effect of different additives on HTPB/Fe,O; propellants

Compositions based on HTPB/IPDI including Fe,O; are
shown in Fig.6. Propellant 9, with no additives is the
control one and the others are estimated in relation to it. In
addition to TC (No. 10), other additives also have positive
effect on reducing the viscosity feature, such as mixture of
TFBi, MgO and MA (No. 11) and pyrogaloll (No. 18).
Diester of phosphoric acid, RM-410 (No. 21), such as the
skipping of MgO or MA has a negative effect, although
these combinations are mentioned in the references in a
positive light [6]. Consequently, the final effect depends on
the content of other components.
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Figure 7. Effect of different additives on HTPB/CuCr,0, propellants

The best effect in compositions with CuCr,0,4 (Fig.7) is
shown by TC (No. 14) — the viscosity values are lower than
those for composition with no additive (No. 13). PG (No.
17) has been especially unfavourable, and the mixture of
TFB, MA and MgO (No. 15), as well as phosphor acid
diester, RM-410 (No. 16), showed no effect on reducing the
viscosity value.

Significant effect of TC is detected in HTPB/DDI
propellants with Fe,O;, (see Fig.8), so the viscosity
difference between propellants based on DDI and IPDI
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curing agents is greatly decreased. The rise of values of
viscosity can be illustrated by the following row of
additives: TC (No. 3)<RM-410 (No. 4)<(TFB+MgO+MA)
(No.5). Favourable propellants can be limited by
compositions No. 1 (»empty«) and No. 2 (with catalyst).
According to the references [3], a good effect of TC has
been confirmed in HTPB/DDI/Fe(AA); propellants.
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Figure 8. Time-depending viscosity of CRP/HTPB/DDI/Fe,0;

When Fe(AA); is used as curing rate agent in the
polyether diols and triols mixtures as classical polyurethane
propellants, it plays a big role in the viscosity change (pot
life). The TC, HAA and the TFBi and MA mixture effect
on the viscosity is presented in Fig.9. No. 23 is the control
composition, containing only Fe(AA);. The positive effect
was shown in compositions No. 25 (the mixture of TFBi
and MA) and No. 22 (with HAA). It is interesting to note
that adding TC to PU propellants (No. 24) greatly reduced
the pot life.

Table 5. PU binders

No. | TC[%] | TFBi[%] | MA [%] |Fe(AA); [%]| HAA [%]
23B - - - 0,05 -
25B - 0,02 0,02 0,05 -
24B | 0,18 - - 0,05 -
22B - - - 0,05 0,009
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Figure 10. Binder PU / additive propellants viscosity changing

Results of the PU binder (Fig.10) examination have
confirmed that TC realises secondary bonds with the
polymer across oxygen atoms in the polymer chain and the
viscosity growth is quickly elevated, in case of No. 24B.
The most suitable additive is believed to be the HAA (No.
22B). Further examinations of the interactions mentioned
above included the mechanical characteristics of these four
binders, shown in Table 6.

Table 6. Mechanical characteristics of PU binders

No Additive o, [daN/enr’] &, [%]
23B - 341 1353!
25B TFBi, MA 3,61 1027
24B TC 2,78 828
22B HAA 2,55 980

700
600 ——23 I
—m—24
500
_ —A—25
8
& 22
3 400 ——
g
> 300 /
5
g
g 200 N
100 /.k—/é:/ —&
0
10 60 110 160
time (min)

Figure 9. Viscosity time dependence for PU propellant

To determine whether interaction between the additives

and binder components or Fe ions from the catalyst exists,
four different binders the same as the propellant binder
were made, with additives shown in Table 5 and the
viscosity values in Fig.10.

Gp,-maximum stress at rupture, g,-elongation at rupture
")-the sample has not been broken

The lower values of mechanical characteristics indicate
that TC reacts with —-NCO groups and in that manner
terminates the polymer chains, neutralizing further
ramification and decreasing polymer network.

Conclusion

Applying a small amount of burning rate catalyst Fe,0O;
or other iron and chrome compounds, will generate the
increase of propellant viscosity, shortened pot life and
preclude the application of some compositions. TC, the
well-known antibiotic, can form complexes with Fe,O3 or
CuCr,04, reducing the viscosity and prolonging the pot life,
which is the consequence of the chemical structure. This is
more striking in case of HTPB/DDI propellants than
HTPB/IPDI propellants.

On the other hand, considering the propellants based on
HTPB/IPDI, it can be noticed that the mixture comprising
catalysts TFBi, MA and MgO has less effect on the
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viscosity than TC. The optimum components content, such
as their mutual ratios, are determined by the propellant
composition.

With the TFBi, MgO, MA mixture catalyser mixture
HTPB/IPDI curing process becomes significantly faster,
with the favourable pot life. This curing method contributes
to reducing the loss of energy and increasing the capacity,
which is important in small grain production.

In addition to the most efficient additive, HAA, a
successful drop of viscosity in PU propellants can be
achieved using the mixture of TFBi, MgO and MA.
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Uticaj aditiva na karakteristike kompozitnih raketnih goriva

U radu se ispituje uticaj razli¢itih aditiva na brzinu promene viskoziteta kompozitnih raketnih goriva (KRG) na bazi
hidroksiterminiranog polibutadiena (HTPB), umreZenih izoforon-diizocijanatom ili dimeril-diizocijanatom koja sa-
drZe ferioksid, odnosno bakarhromit i KRG na bazi poliuretana (PU), umreZavanih sa toluen-diizocijanatom sa doda-
tkom ferioksida. Analizirana je vremenska promena prividnog viskoziteta KRG i uticaj na proces umreZavanja u za-
visnosti od vrste i koli¢ine aditiva: tetraciklina, (TC), pirogalola (PG), diestra fosforne kiseline (RM-410), acetilaceton
(HAA) i smese katalizatora umreZavanja koju ¢ine trifenilbizmut (TFBi), anhidrid maleinske Kiseline (MA) i magne-

zijum oksid (MgO).

Kljucne reci: kompozitno raketno gorivo, viskozitet, aditivi, uticaj aditiva, tetraciklin, pirogalol, trifenilbizmut, aceti-

laceton.

Bnusaue AIINTUBA HA XapaKTCPUCTUKHA MHOTOKOMIIOHCHTHbIX
PaKE€THBIX TOILIAB

B nacrosmeit paGore HcclefyeTcs BIASHAE pa3IMiHBIX aflATHBOB Ha CKOPOCTh M3MEHEHNS BI3KOCTH MHOT'OKOM-
MOHEHTHEIX pakeTHRIX TomwmmB (MPT) Ha 6asuce THAPOKCATEPMUHAPOBaHHOTO oGy TagreHa (I'TIIB), komMGuHA-
POBAHHBIX CO CETOYHBIM KM30(hOPOH-TUA30NMAHATOM MM JHMEPHN -fUN30IHEAHATOM, KOTOpBIE cofiepXkaT ceppH-
okmced, T.e. MebxpomaT 1 MPT Ha Gasuce nommypetanoB (ITY), KOMOMHHPOBaHHBIX CO TOJNYEH- THA3ONUAHATOM
co fmoGaBneHHeM ¢eppHoKAcia. 3hech aHAIU3EPOBAHO BpeMeHHoe H3MeHeHHe Kaxymieiics BsaskoctE MPT u
BIIHSTHEE Ha TIPoIjecC KOMGHHAMPOBAHAS B 3aBACHMOCTH OT THIIA W KOJNAYECTBa agiUTHBOB: TeTpamukianHa (TLI), ma-
porannona (IIT), zaacupa docdoproi kucnoTsl (PM-410), anetananeTona (XAA) U cMecH KaTalA3aTOPOB KOM-
GUHApOBaHMS, B KOTOPO# HaxoxsTcs - TpudermnBasMyT (TOBn), anrmapuy; MarenHOBO# KACIOTH (MA) 1 okucen

Maraus (MrO).

Karoueswle cn108a: MHOTOKOMIIOHEHTHOE PAKE€THOE TOILUTUBO, BA3KOCTD, aiJAUTHBBI, BIINSIHUE aJAUTABOB, TETPAIIUK-

JIMH, TAPOraJlio, TPHDESHHIBU3MYT, AETHNALCTOH.



V.RODIC, M.PETRIC: THE EFFECT OF ADDITIVES ON SOLID ROCKET PROPELLANT CHARACTERISTICS

14

Influence des additifs sur les caractéristiques des propergols
composites

Dans ce papier on a présenté les essais sur I’influence de différents additifs a la vitesse de changement de la viscosité
chez les propergols composites a la base du polybuthadéne hydroxyterminé et lié par isophorone-diisocyanate ou
dyméril-diisocianate qui contiennent oxyde de fer ou bromure cuprique ainsi que des propergols composites a la base
du polyuréthane liés par toluéne-diisocyanate contenant oxyde de fer. On a analysé le changement temporel de la vis-
cosité et les effets sur le procédé de liage selon le type et la quantité des additifs :tétracycline(TC), pyrogallol (PG),
diester acide phosphorique (RM-410), acétylacétone (HAA) et le mélange des cataliseurs de liage, composé par
triphényl bismuth, anhydride maleic (MA) et magnésium oxyde (MgO).

Mots clés: propergol composite, viscosité, additifs, influence des additifs, tétracycline, pyrogallol, triphényl bismuth,
acétylacétone.
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