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The Effect of Additives on Solid Rocket Propellant Characteristics 

Vesna Rodić, BSc (Eng)1) 

Mirjana Petrić, MSc (Eng)1) 

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. 
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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 

A 
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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 µm and 7 – 8 µm 72 mas.% was 
used as oxidizer. Bimodal mixture of Al, the burning rate 
stabilizer, with mean particle sizes of 15 µm and 30 µm 
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)3 was used as the curing 
catalist. These compositions were nonaluminized and 
triethylene tetramine (TET) and N-phenyl-β-
napftylamine (FβNA) 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: 1) 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, 
Fe2O3, and copper, CuCr2O4, as burning rate catalysts and 
then including them; these compositions can be seen in 
Table 1. 

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

No 
Batch

Curing agent 
(CA) 

Curing agent’s 
part [DSD] Fe2O3 [%] CuCr2O4 [%]

11 DDI 21,62   
21 DDI 21,62 1,0  
61 IPDI 7,49   
92 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 % Fe2O3 plus additives 

No 
Batch CA RM-410 

[%] TC [%] 
PG 
[%] TFBi [%] MA [%] MgO [%]

31 DDI  0,2     
42 DDI 0,2      
52 DDI    0,025 0,025 0,025 
71 IPDI  0,4     
81 IPDI  0,2     
102 IPDI  0,1     
112 IPDI    0,025 0,025 0,025 
122 IPDI    0,04 0,04 0,04 
182 IPDI   0,15    
192 IPDI    0,05  0,05 
202 IPDI    0,02 0,02  
212 IPDI 0,2      

Table 3. CRP/HTPB/1 % CuCr2O4 plus additives 

No 
Batch CA RM-410 

[%] 
TC 
[%] 

PG 
[%] TFBi [%] MA [%] MgO [%] 

142 IPDI  0,2     
152 IPDI    0,025 0,025 0,025 
162 IPDI 0,2      
172 IPDI   0,1    

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

Table 4: CRP/PU/1 % Fe2O3 plus additives 

No 
Batch Fe2O3, [%] TC [%]

TFBi 
[%] MA [%] 

Fe(AA)3 
[%] 

HAA 
[%] 

22 1    0,03 0,009 
23 1    0,03  
24 1 0,2   0,03  
25 1  0,03 0,03 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 (Fe2O3) 
and copper-chromite (CuCr2O4) 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-1, and test 
temperature of 50 °C. 
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Results and discussion 
CRP containing catalysts Fe2O3 or CuCr2O4 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 IPDI/any, 
catalyst viscosity does not differ significantly. 
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Figure 4. Effect of Fe2O3, CuCr2O4 and CA type on viscosity 

In Fig.5, the effect of TC in HTPB/IPDI/Fe2O3 
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/Fe2O3 propellants 

Compositions based on HTPB/IPDI including Fe2O3 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/CuCr2O4 propellants 

The best effect in compositions with CuCr2O4 (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 Fe2O3, (see Fig.8), so the viscosity 
difference between propellants based on DDI and IPDI 



12 V.RODIĆ, M.PETRIĆ: THE EFFECT OF ADDITIVES ON SOLID ROCKET PROPELLANT CHARACTERISTICS  

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)3 propellants. 
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Figure 8. Time-depending viscosity of CRP/HTPB/DDI/Fe2O3 

When Fe(AA)3 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)3. 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. 
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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. 

Table 5. PU binders 

No. TC [%] TFBi [%] MA [%] Fe(AA)3 [%] 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 σp [daN/cm2] εp  [%] 
23B - 3,411 13531 

25B TFBi, MA 3,61 1027 
24B TC 2,78 828 
22B HAA 2,55 980 

σp-maximum stress at rupture, εp-elongation at rupture 
1)-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 Fe2O3 

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 Fe2O3 or 
CuCr2O4, 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 različitih aditiva na brzinu promene viskoziteta kompozitnih raketnih goriva (KRG) na bazi 
hidroksiterminiranog polibutadiena (HTPB), umreženih izoforon-diizocijanatom ili dimeril-diizocijanatom koja sa-
drže ferioksid, odnosno bakarhromit i KRG na bazi poliuretana (PU), umrežavanih sa toluen-diizocijanatom sa doda-
tkom ferioksida. Analizirana je vremenska promena prividnog viskoziteta KRG i uticaj na proces umrežavanja u za-
visnosti od vrste i količine aditiva: tetraciklina, (TC), pirogalola (PG), diestra fosforne kiseline (RM-410), acetilaceton 
(HAA) i smeše katalizatora umrežavanja koju čine trifenilbizmut (TFBi), anhidrid maleinske kiseline (MA) i magne-
zijum oksid (MgO). 

Ključne reči: kompozitno raketno gorivo, viskozitet, aditivi, uticaj aditiva, tetraciklin, pirogalol, trifenilbizmut, aceti-
laceton. 

Vli}nie additiva na harakteristiki mnogokomponentnwh 
raketnwh topliv 

V nasto}|ej rabote issleduets} vli}nie razli~nwh additivov na skorostx izmeneni} v}zkosti mnogokom-
ponentnwh raketnwh topliv (MRT) na bazise gidroksiterminirovannogo polibutadiena (GTPB), kombini-
rovannwh so seto~nwm izoforon-diizocianatom ili dimeril -diizocianatom,  kotorwe soder`at ferri-
okisel, t.e. medxhromit i MRT na bazise poliuretanov (PU), kombinirovannwh so toluen- diizocianatom 
so dobavleniem ferriokisla. Zdesx analizirovano vremennoe izmenenie ka`u|ejs} v}zkosti MRT i 
vli}nie na process kombinirovani} v zavisimosti ot tipa i koli~estva additivov: tetraciklina (TC), pi-
rogallola (PG), di&fira fosfornoj kislotw (RM-410), acetilacetona (HAA) i smesi katalizatorov kom-
binirovani}, v kotoroj nahod}ts} - trifenilvizmut (TFBi), angidrid maleinovoj kislotw (MA) i okisel 
magni} (MgO). 

Kly~evwe slova: mnogokomponentnoe raketnoe toplivo, v}zkostx, additivw, vli}nie additivov, tetracik-
lin, pirogallol, trifenilvizmut, acetilaceton. 
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Influence des additifs sur les caractéristiques des propergols 
composites 

Dans ce papier on a présenté les essais sur l’influence de différents additifs à la vitesse de changement de la viscosité 
chez les propergols composites à la base du polybuthadène hydroxyterminé et lié par isophorone-diisocyanate ou 
dyméril-diisocianate qui contiennent oxyde de fer ou bromure cuprique ainsi que des propergols composites à la base 
du polyuréthane liés par toluène-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. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


