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Study on the enhancement of burning rate of
solid propellants

Sunyoung Lee*' - Myungpyo Hong* - Hyoungjin Lee**

ABSTRACT

In this study, we carried out the study on the combustion characteristics of HTPB/AP
propellants with Al and Zr as fuel metal in order to develop the solid propellant with high
burning rate. The major combustion characteristics of propellant were investigated as measuring
of the burning rate and pressure exponent, and the HTPB/AP solid propellants were prepared
with introducing Butacene as burning rate catalyst for the enhancement of burning rate. The
propellant with Al and Zr was demonstrated the improvement of propellant performance and

combustion characteristic.

2 dFdAe, 1d4&EE 34 FA ANE fete F5A59U Al # Zre] =9 HTPB/AP
A FAA Y AxEA Uigt AFE FIPSAT 1A FHAA L JdLERL dasze dHAF=
A Bt o dAAEE E=XS 93 AdAEuA ZA] Butacenes 283l FAAE A ZR3HTH

Key Words: Solid Propellant(22#] ZFZ1A]), Burning Rate(i 4:4%), Pressure Exponent(¢® X
<), Ctatalyst(Z"l), Ferrocene Derivative(®| 241 -FXA)

LM B AhEE FAAE 872 3= 3 713 A

= fdl A& A FAIIe ="Eol A

A FAe) el o A = gtetA JAPHL o ndaEE A F3

%), 7IAA B4, 98 54, =3 54 183 Ag ALy fste] daHEE HEA =

da 54 Sol aHolor & AMFEEAM 1 o 7HA 84S0l o F3A 249 Fa

T4 dEQ AskA, \dlY, g49E ada

T LG M~ AaFaAZ Yxolq dases AT &

[e)]
AA

— 508 —



E dasEE Ao & Yt
o 3

=
A AL&Zu] Al Buatcene, &

T 25 T

A=l Zr 283 s AP dERIES
gt FA9 da SAS vl 9 Hrlst
AT

%L%— AL FA Azl glo] 7R
&i}xﬂiﬁ 200 m3 9 mol °©]’gE
APE FAMIZE 64% HEstlon 1A

-88% AtololA =AY, FEHARE
Zre HEsloer dFe CEA Z2IH
St FA AeALL A T3 AP A
T ZAFAE Faste 23~32%Aolo A Z2A3HA
1.

vl = HTPB ZE|Z2w et o7 daZv)
ARl Butacene (OH index 0.325 meq/g, ~ Iron
8+05 wt%)= 3-5%7HA HEsta AHSAR
IPDIE 2838ttt 18al 7kaAl, A¢A, =3}
WAA 2o AsEe T2 H7HAE 3.34% 7t
& A7bete A3 g 0909 FAE A=
sttt 4 dEE2 A Aol ol 50-60
T2 257 =4dxE+s &7 (Vertical
planetary mixer, 4 L)olA & 3to] &35
o, Azxd MAS FAAE 2571 LA
FAEHE 2B 50 C, 79 &< Asste] Al
Z35t3

o

Brookfield (Model : RVT Type) Viscometer®
Spindle number 03, RPM 2598 272 & 50 C
T FERUAA 2EE FES AAHFAIF]
flete] AshAl B4 F 2ARE 1AL HAH o
2 F 3N FXY A= AEE stk
FAAe] AAE&ESZE Strand Burner AHIE

olgslgion Astd FWAz 54 Zole A

dg A2 7FA Strand Burner& AlFA|HE
A 2tske] 600-2500 psif ol AF dH =z}
A 714E & AHSIAIA DAL S A

%5 8 gEA5E Z4shdnh

A2EE 7S AT FAA 24N FFLS
F& 80Ee 989 W, 484 191 2
Sene Hgol gom 53 AsAlsl F&4
29 YA Aoz, B R REE So| IS
AT AEA AP ARt ZA7h AesE
EWHo] F7hse] Aiasnrl WeE 548
BolAg wA EEe AP @oldss

A== A FolAA "ot =3 HTIPB/APA
7‘7‘1] o] AP @3l wl =

o ALZFuAE HEsHA HAE diag=E AN
§3’+E AAA 513}[23] olfg EXHES
ste] HTPB/APAl XA 7kl AxZFwA=
Ferrocene $3E&Eo] @ol AF=HIL o m[4-6]
%9 A% Butacenes A 83t= AF7F dH
3 ATH1,7]. Butacene> HTPB <H] FFA ol
Silicone - ferrocenyl 1&°] =948 FxE& 7HA
I Qe ol FxE sty HIFHTAg H u
olgd BEAES 7HAE Aol o B AT

Zﬂ%ﬂ‘ﬁ@.

AAdaEE FAAE 98kl 23%] Al 28 m
Z, 3%%] Butacenes TYSIA HE3IIL AP
200 ymok 9 ymel Y= WEES WHIATIHEA A

o

& F2A 3% A4 EAES Fig. 19 YE
Atk F23A W A% 9 m APS HIEo] AA
E dax&E9 EAFE A FksteE A

=
3t4Th AP 200 /m:9 me] &3 Lo
65 7Hd FZAZ} 26 mm/sE TP L A
24EE HEhAAT AL 04232 F7}3}
Atk EZ AP 200 m9 ime] wlE&o] 462 77

FRA Y = (75]5]-11 EQl T oAY uw =
7é)% 12.6 kPZ 5.5:4.59| u]%% } J %ﬁxﬂ IS

— 509 —



&

30
£
ET | e
~ QO //’/
[ N=] _—
%S —
e 20 B .
£ -
@ 15| -
10L
04} . . —
S 02}
0.0 L . L . L
7:3 5545 46
Ratio of AP 200:9

Fig. 1 The effect of AP size on the buming rate of
propellants containing 3% Butacene with 23%
Al 28 pum
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Table 1. The combustion properties on Al size of
propellants containing AP size ratio of
5545 and 4% Butacene.

Combustion properties
Al (at 1000 psi)
size rb Viscosity
n
(mm/s) (kP)
28 um 22.7 0.409 5.8
10 ¢m 23.0 0.287 10.1
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Fig. 2 Burning rate results on metal particles of 23%
contents.
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Fig. 3 Burning rate results on ratio for contents of 28
Al:35 um Zr particles.
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Fig. 4 Calculation results of performance on ratio for
contents of 28 um Al:35 um Zr particles.
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