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Abstract: T he role of bonding agents on the ag ing characterist ics is one of the im po rtant research topics.

Ag ing pr og ram of the prepared propellant samples w as conduct ing as follows:

Fiv e samples, two f ree o f bonding agents, and three containing an aziridine based bonding agents

( MAPO , H X�752, MAT4) , four samples based on different bonding and cur ing agents all w ere aged at

70 � .

The prepar ed bonding agent "MAT4" gave r ema rkable improvements and resulted in highly stable

mechanical proper ties comparing w ith H X�752 or M APO. The select ed bonding agents family inhibited

the r ate of decomposition o f the propellants during the ag ing periods and suppor ted the pr opellant matr ix

against decomposition at the elev ated temperatures.
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� � Ag ing behav io r of CSRP is af fected by many

factors, such as temperature, mechanical st res�
ses, and humidity. Temper ature accelerates the

possible ag ing react ions depending on their act i�
vat ion ener gy. When the mechanical st resses ex�
ceed a certain threshold, deg radat ion of the

binder�so lid adhesion occur [ 1] .

Ag ing o f composite propellants can be fol�
low ed up v ia a number o f experimental tests and

then it w ill no t be dif ficult to est imate and pre�
dict the propellant useful shelf or storag e life

f rom the recorded changes in phy sical and chemi�
cal propert ies during thermal and mechanical cy�

cles[ 2] .

Ag ing studies can be helpful for est imating

and predicting the shelf life of a given propellant

g rain. T ests are o ften performed at elev ated

temperatures to obtain advance information con�
cerning the chemical react ions, w hich may occur

during ag ing . It is therefor e necessary to study

these react ions individually to understand their

mechanisms and to develop the aging model
[ 3]

.

Separat ion o f the CSRP ingredients and

their chemical analysis via the so l�gel technique

w ere employed in the aging studying[ 3] . Re�
cent ly o ther techniques such as the dynamic me�
chanical analysis ( DM A ) [ 4] , tensile mechanical

analy sis ( T MA ) [ 5] , thermal and penetrome�
ter [ 6] , become useful.
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1 � Model evolutions between accelerated

and natural aging in HTPB (CSRP)

� � Exposing the pr opellant samples to elev ated

temperatur e chemical change rates w il l be accel�
erated according to the Arrhenius equation. For

this reason the HTPB propellants could never be

exposed to temperatures above 70 � . Assuming

that only one type of react ions occurs at the sites

of instaurat ion in the polymer chain, one can

w rite:

dP
dt

=
C
t

( 1)

Where C is the rate of change o f the proper�
ty P

T he integ rat ion of this equat ion produces

the aging model:

 
P

P
0

dP = C 
t

t
0

1/ t dt , � P - P0 = C ln t/ t 0

P = P0 + C ln t/ t 0 . ( 2)

For t = t 0= 1 w eek, it is P = P 0 ( pr operty

af ter curing time) . In fact , if it is hypothesized

that a certain propellant characterist ics P = as�
sumes the value af ter a time t0 , by acceler ated

aging, and af ter a differ ent t ime t n , by natural

aging.

P t
a
= P 0 + Ca ln

ta
t 0

P t
n
= P 0 + Cn ln tn

t 0

( 3)

Since P t
a
= P t

n
at the end of curing i. e. at t0=

1 w eek, therefor e

P 0 + Ca ln ta = P0 + Cn ln t n

ln tn =
Ca

C n
ln ta ( 4)

For accelerated ag ing temper ature
Ca

C n
= K ,

put t ing t ime t in w eek ( w ) :

lnW n = K lnW a � o r � W n = W
k
a ( 5)

T his relat ionship cor relates the t ime o f ac�
celerated ag ing to the natural aging and allow s

predict ing the propellant shelf life from the tw o

constant Cn ( at 25 � ) and Ca ( at different tem�
peratures)

[ 7]
.

2 � Experimental techniques

2. 1 � Preparation of the MAT 4 and melting of �

� � � � � � � � the HX�752
� � M AT4 is prepared according to the follow�
ing sequence: M ix ing 74. 479 3 g o f M APO w ith

17. 7193g of adipic acid ( C6 H 10O 4 ) and 7. 800 9g

of tartaric acid ( C4H 6O 6 ) in a clean flask, heat�
ing up to 40 � using a w ater bath for 40min. un�
t il a viscous so lut ion is formed, then put the

product in the ref rigerator.

Note T his condensation reaction is hazard

( ex er ted higher energ y) and needs high preces�
sion during preparat ion.

T he HX�7 52 bonding agent is alw ay s de�
livered on the iced form since it must be kept at

- 18 � to save its effect iveness, so before using

HX �752 it must be lef t in the ambient tempera�
tur e fo r about 7 h. and then put in an elect rical

ov en at 40 � for 4h.

Note it is recommended to use it w ithin 5 h

at most af ter melt ing unless loses its ef fective�
ness.

2. 2 � Group (A) propellant formulation

� � T he five prepared samples ment ioned in Ta�
ble 1, T hree of them were based on ( M APO,

HX�752, and MA T4) and other tw o w ere f ree o f

bonding agent w ith varying curing r at io.

Table 1� Propellant formulation of the group ( A)

Ing redients

com postion based on

MAPO

S 1

HX752

S2

MAT4

S3

NBA1

S4

NBA2

S5

HT PB/ % 9. 60 9. 60 9. 60 9. 82 9. 58

IPDI/ % 0. 69 0. 69 0. 69 0. 71 1. 02

DOZ/ % 2. 40 2. 40 2. 40 2. 45 2. 39

M APO/ % 0. 3

HX�752/ % 0. 3

MAT4/ % 0. 3

A l/ % 16. 0 16. 0 16. 0 16. 0 16. 0

APC/ % 71. 0 71. 0 71. 0 71. 0 71. 0

( NCO/ OH) 0. 78 0. 78 0. 78 0. 78 1. 15
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2. 3 � Group (B) propellant formulation

� � As mentioned in Table 2, tw o dif ferent

bonding agents HX�752, MA T4 w ere emplo yed.

Besides pay at tent ion to the majo r applied curing

agents IPDI, and H MDI to examine if ther e is

remarkable effect of the curing agent on the sam�
ples aging, hence we prepare four samples have

the same curing rat io ( NCO/ OH= 0. 82) .

Table 2 � Propellant formulation of the group (B)

Ing redients

compostion based

MAT4

( IPD I)

MAT4

H MDI

HX�752

( IPDI)

H X�752

HMDI

H T PB/ % 9. 80 9. 94 9. 80 9. 94

IPDI/ % 0. 74 0. 74

H MDI/ % 0. 57 0. 57

DOZ/ % 2. 45 2. 48 2. 45 2. 48

MAT4/ % 0. 3 0. 3

HX�752/ % 0. 3 0. 3

A l/ % 16. 0 16. 0 16. 0 16. 0

APC/ % 71. 0 71. 0 71. 0 71. 0

( NCO/ OH) 0. 82 0. 82 0. 82 0. 82

2. 4 � Preparation of propellant specimen

� � T he cured sample boxes tested via an X�ray
unit to assess the inner homogeneity of the

g rain, air bubbles, porosity and for eign mat ter

in propellant g rain . then cut the grain to stand�
ard dumbbell shape ( JANNAF) , the propellant

specimens numbered and put in aluminum bag s

pur ged w ith nit rog en and put in the ovens to

start the aging pr ogram.

2. 5 � Mechanical properties of the propellant �
� � � � � � � specimen

� � Every change occurring in the propellant

during the aging time causes the change o f the

mechanical proper ties w hich measur ed using a

LRX�5K material test ing machine. T his system

has the oppor tunity to measur e manually and au�
tomat ically using DAPMAT sof tw are. Tested

samples f it ted in the tw o jaw s and adjust ing the

required measuring parameter s, the machine

w orks unt il the cut t ing of the specimen. Test is

repeated at least three t imes for each testing

temperature.

3 � Results and discussions

3. 1 � Mechanical properties of group (A) aged �

� � � � � � � samples

� � From Fig. 1 max imum stress results can be

div ided into three sections:

1) Sample ( NOBA�I) pr epared w ithout B.

A. and curing ratio 0. 78 exhibit low value o f

( �m ) and during the aging period ( �m ) value start

to increase which may indicate that the aging

temperature and t ime of aging af fect on the pro�
pellant matrix and lead to increase ( �m ) .

2) Sample w ithout B. A. and curing rat io 1.

15 ( NOBA�2) il lustr ates the ro le of curing rat io

w hich leads to increase the ( �m ) , since NCO/

OH > st iotchmetric value show s a complete r e�
act ion of all OH of H TPB, hence a hard matrix

established.

3) Sample based on HX�752 show s a rela�
t ively high value of ( �m ) fr om the beginning and

increased w ith ag ing t ime. T he same occurs on

using MAPO but in case o f MAT 4 ( �m ) is ap�
prox imately stable during ag ing period

[ 8]
.

F ig . 1� Maximum str ess of g r oup a aged propellant

samples

Fig . 2 pr esents the str ain at the maximum

str ess (�m) as follow s:

1) T he samples f ree of bonding agents w er e

not of fer the requir ed values of (�m ) and also de�
cr eased during ag ing per iod.

2 ) Sample based on HX�752and M APO
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shows a good result of ( �m ) , and begin to de�
cr ease through the ag ing t ime

3) Samples based on MAT 4 show a good re�
sult at zero t ime aging and during the aging

t ime.

Hence one can say that the bonding agents

are ther efore essent ial for improv ing the (�m ) o f

the pr opellant samples.

T he ( �m) o f all samples w er e decreased due

to the ef fect of the temperature on the propellant

matrix w hich leads to the m igrat ion o f plast iciser

and the deterio rat ion of the bonding agents, rap�
tur e of the adhesion fo rce betw een the ox idizer

and the binders matrix .

F ig. 2� Str ain at max imum str ess o f gr oup A

propellant samples

Fig . 3 represents the results of y oung's mod�
ulus as fo llow s:

1) Samples ( HX�752 and NOBA�2) show s

high r ate o f increase of Eo , the same occurs in

case of samples based on ( MAPO and NOBA�I) .
2) Samples based on M AT4 show s stable

results of Eo during the ag ing period.

From the above results o f the mechanical

propert ies o f the dif ferent propellant samples

aged at 70 � we can conclude that :

1) Samples f ree from bonding agents haven't

per formed the desir ed mechanical propert ies.

2) Low per centage ( 0. 3% ) of bonding a�
gents o f the aziridine family impr oves the me�
chanical propert ies.

3) Ag ing at elevated temperature such as 70

� during aging period leads to decrease o f the

mechanical properties of the pr opellant samples.

4) M ig rat ion of the plast icizer and deterio�
rat ion of bonding agents w er e the essent ial rea�
son o f cleavage of the AP�binder matrix w hich

leads to cracks and rapture of the propellant

g rain.

Fig . 3 � Young's modulus of g roup A aged

propellant samples

3. 2 � Mechanical properties of group(B) aged �

� � � � � � � sample

� � From Fig . 4 maximum stress ( �m ) can be il�
lust rated as fo llow s:

1) M ax imum str ess ( �m ) of samples based

on M AT4 w ere appr oximately the same during

the aging period, the ro le of the curing agent

type appeared as the sample cured by HM DI the

rate of increase ( �m) w as slight ly higher than the

sample based on IPDI.

2) M ax imum str ess ( �m ) of samples based

on HX�752 w as increased w ith the aging time

besides the st ress of HMDI sample w as slight ly

higher than IPDI sample.

Fig. 4 � Max imum stress of ag ed propellant samples

o f gr oup ( B)

3) Curing agent HM DI improve the maxi�
mum stress of the prepared samples, as in sam�
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ples based on M AT 4 contro l the ( �m ) and sam�
ples based on HX�752 incr ease the rate of ( �m) .

Both results of ( �m ) of the propellant sam�
ples w ith dif ferent bonding agent w ere nearly the

same as r esults of the samples of ( A ) gr oup.

T he aging results are compar able w ith those

found in the literatur e
[ 6]

.

F rom Fig . 5 the results of ( �m ) are illust ra�
ted as follow s:

1) T he zero t ime pr opert ies of the four sam�
ples are w ithin the specif ication.

2) The ag ing period produce tw o dif ferent

behaviors, one for the samples based on MAT 4

which has stable values of ( �m ) , and the other

behavior show s the decreasing r ate of ( �m ) for

the samples based on HX�752 was slight ly rapid.

Both behaviors confirm the different changes in

the (�m ) o f the four samples.

Fig . 5 � Strain at max imum stress of propellant samples

� � o f gr oup ( B)

From Fig . 6 the young 's modulus il lustr ates

as fo llow s:

F ig. 6� Young's modulus o f pr opellant samples

� � o f gr oup ( B)

Samples based on MA T4 the young's modu�
lus keep to certain lim it due to the stability in

both the max imum stress and the st rain at ( �m ) ,

Samples based on HX�752 the young 's modulus

slight ly increased to a higher limits due to the

increase o f the ( �m ) .

4 � Conclusions

� � T he fo llow ing conclusions could be draw n

from the present study w hich represents an ap�
proach for explain the r ole of the bonding agents

af fect ing on the ag ing of the CSRP.

1) T he used bonding agents in a very small

per centage w er e essent ial for achieving the de�
sired mechanical propert ies, and also for inhibi�
t ing the self�decomposit ion of the prepared pro�
pellant samples.

2) U se o f the laboratory prepared bonding

agent ( MAT 4) improves the pr opellants me�
chanical propert ies, mor e than the other used

bonding agent such as HX�752 and M APO.

3) Aging the propellant samples based on

HX�752 illust rates an increase in the both maxi�
mum stress and young 's modulus.

4) St rain corr esponding to max imum stress

depends on the used bonding agents, MAT 4

comes first since it saves the value of the st rain.

M APO and HX�752 come af ter MAT 4, in the

second and third rank respect ively.

5) The curing aging type also af fect ing the

propel lant mechanical properties during aging.

Since the samples cur ed by HMDI give a bet ter

max imum stress comparing with the samples

cured by IPDI.
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