N

A
TR

MEERBBE L LTO7 ok r L
7 20tk v LB

FREME QL B eh B
BHRA - AT+

BEFRRT =9 5 (AP BRILAD, REABRESHFY Sy Px v (HTPB: BEs
) BYXV7=rey (Fc) ¥R 72nt v -H7 v AEHR (Fc-CC: i) & Qtra LK
Yy MESROHEMHIEE S X CREEEE ERIE L, ‘

Fc jx HTPB $AADICHRIRERL, HERORMMERITRELESL 2hol, —
%, CC iz HTPB 2BRATHZ itk ViBEROHLERE L, Fe RBHIMETS
0T DTA % TGA 2k 3METIX AP OBSGRERE Lk o 74 v 7RBIERS
Tt AP ORXKBEXTIF5HER5Z LBbh o,

Fe i3, #ic 20~50kg/cm® OEFEFIE CHEEROMPSHEE L ME €, ¥X, Fe-CC
LT, BidEicHT AR oMRIERED bhit,

. FAME

ayRSy MEEROBEREE L LT, kOB
RS AVBR B, ZhbDRTFR, fnds
D B b ol 2 REHRRT Cha LS hT
w3, L LEREMES it 2 RIELSR Y T
$o BAVRITFRIES Z LizeBER S, L
HoTHEELRL Ve Fhemdry bE—F—0b
@A LIz h bR PIcEHEhs &, FE
L WREOHRELERT 5. FELRHRSR
ftatae, arvEYy MBEEhDAL o 7~
Lit>TH—aHL, EHBmERK (49C
760mmHg) <, fICEREL TRMICHTHW XS
REHY L LT vy elry Pz =k CoHFe
(7=zwuiy (Fo) LRETh3) &V, BRMEAEL
CiBBIERE 7 =0 b (AP), AL v F—LLTHE
WARESHOBESURS Y 7# V= (HTPB) &4
WA OHSEREERIEL . 2L T, ZoiiERo
HIER, BkhLAVLRTHWARBMBRERRTH
57 u ARSI (CO) roHER IRz h oA
BE, EEMeEE L oRBOBAR Y oHE IO
THRRMLZ.

EHRUBLE T A16A R
* RRAPIEE NBWEHEHTL
* BNPREGRAST SHRE MNIWRE 1 TH2H2010
o pARMQIEERE WHASTRARBARAVITEGCER

Vel. M, No. 6, 1973

2. BRELUVER

2-1 R E =3

Fe: hERORER T, Fe 0&&x EDTA §
I & 9 30% & MR L. BuiBlE 173°C
T IR, UV, NMR CRE®T2 > 7efiR Fl—0 2
#— %5 Fe THBI L EMBLAE.CC: AR
{e5: N203, Fe Oy : Fudeslisk | #&&:., 48 CC, Fe,
Os DRIBES 7012 Ky T B BYRIEE WG B8 SA-T CHIE L

Table 1 Propellant Composition

Ingredients Parts
HTPB* 19.8
Antioxidant 0.2
AP (coarse) 56.0
AP (fine) 24.0
Catalyst 1, 2, 4

AP (coarse)
35mesh pass 100.0%
48mesh pass 91.9%
200mesh pass 2.4%
AP (fine)
{lSOmesh pass 98, 8%
200mesh pass 89.5%

* TDI-80 8.5PHR
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72. CC frFir FeOs icH~HMIMNLONEMN -
oo HEEIRDMRIZ ST iz Table 1 2554,

2-2 B K5k

Fe B30 v ¥ — T30 8BIT L2 » THIK
LTWSHAE, #Eo XgErix Fo ok
Bhinbok LTHRRXGrERT i Fco
Bl =BT A RER L > THWHREI
i Fc o UV R8I35 4oL LT 2008 UV
BiEERE AW Fen g v 5 —~DBEREEN~ .
HHEOBMHGHETLEBR5HEL LT, JIHRRER
BT HRRRRBT, b ¥ 4HREBE Shore A
Bh 5 HREBBCHE L, Fc #iFmLAx AP 33X
U HTPB @i d Bitiis DT-10 REMMTT
MEL, Fc REBERTHBH AP, HTPB oty
mowpeo Fo o&BEEML DT-20B KK
ERCTERY, 20N COBRMRERTRY
oy PRRABRBRBOREL, RERMTOL S 08
EE L RLRNREOBMML BL, BEHRE L Ol
FERM LA, BESEEFR—BITLDATVWSR b
5 v FRGKEHFERIEERIC X ) BE L. REBUE
FHEGEMH SUTRIRT 3 L B EBR XIZX Y,
BB L UREMRERICARESATBRBLED 5 0
e RAHRSEHZRET 20Torr, 60°C T205
FHafmL, fiEsERAIziX 200X200X3(mm) DRYIC
BRI, A LTy FAIZIE6X6X250(mm) DRYIZE
RLAM 70°C, 20B5MIMBMEELL, BEBRT /-
ZIZANSCOHBRIZREL .

2-3 Fe OiR4 v 4=~DaMR1iE

Fe &§ibx 5 eilitko HTPC LBRE&LbOD
UV i3, 440mp @ Fc FHORIRMNHY, 325mpu
o Fec ofiiz, HTPB oBUIA Ry A L&

Propeliont
Conlrol
I ll ll | o |
~ Fc only
<
w
$ ‘I' TR
£
Propeliant
Fed
(HTPB/Fe=5)
| | i || L. |
4 0 20 X qQ0 S0

Angle, 26, (degree)

Fig. 1 X-ray diffraction of Fersocene and
propellants
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ot Fe 23314 v/ =2 BfR L2 vWE, UV odiln
AR FARRIETELRV, EfbEdEbD Fe ok
WBEARBND, Fo 4B SLibiEEiz >y ilgik
2 5 AOREO XBERF 7425 L, Fcffimi1l.4°
(20) oL Fig. 1 12/ 2 (b bbhY AP
DERRD A TH oo DI ki Fe SEMRD I
R RETH—IcHRL TSI EERL T
%0, L L Fe 2Ll Lo RANEIIC S
h3iIn—3 L, RERERBITHTS. LR
MY F—RETEIA—L v TRIBS v HEESK
Bt En25 Yy —RBIZBWT, Fexq 5~
ALY~ R DIckER, Tilkit Fe0,
RRAHOBRABEICRVTHRLRRT 2 RIBAR S
h, CC RMBILRET D Z L el { KL T
w3,

2-4 FWRERESNIEROoE

BROPET LT~ 5k, JIS-K-6301 i<
ASEIREA LI 2040 L SI3RBAB &, Shore A RiTH
24 RA LTl -l REHIERE | EMB L2 4
BEORFEAW25°CTiTh - k. FREOBIMRME
(Ts), {her (Eb), ##+4 (H) & Table 2 {2573,
Control {3 Table | DARDOIRBAETSER LD,
1,2,4 R hICHET S HBROBREBEMEA L LD
Tdd. {ERR | HBMEofliz Ts=8.7+0.2kg/cm?,

Table 2 Physical properties of the propellants
(two months after the cure)

Properties| Ts Eb )
Sample™~_| (kg/em*) (%) (Shore A)
Control 11.03 8.93 80
Fe 1 9. 64 9.12 79
Fe 2 10.49 9.20 79
Fe 4 10.69 9.37 80
CcC 1 11.42 10. 19 83
CC 2 10. 93 13.25 78
CC 4 9.08 28.32 72
Fe-tC 10.98 10.60 80
I.f'(ic 10.03 11.01 80
Fc-CC
2 9 10. 19 15. 62 77
Fe,05 1 11.54 10. 09 82
Fe,0O5 2 11.47 9,07 84
Control (a
week after 8.70 20.43 78
the cnre)
IRKRGEE



Eb=20.410.5%, H=71+1 T o7, Table 2 ®
BN s, For—5—hiR2 r AoE- T
35, CC ITHMRANE 5 & HEDFm+ X
5ChY, Fe RISRMAIESR L CHLICEER W
L5 Ch3. i FeO, 3B PHARBROFIALRH
3k5Th%5,

2-5 pEpiER

2-5-1 RENAIN

1) Fc {ifh

BEHpTo DTA, TGA Tik, 100°C {HECH%E
RiXL Y 1TCCHHETHMBBT S5, MERHER &
Fig.2 izR®3,

Joo  ftemp (°C)

Endo —=—— A T—= Exo.

2) AP+Fc

AP iz Fe &ML bon, ZE&hco PTA 12
Fig.2 »Zk { Fec o@mAt'— s RBhiahot, =
i Fe otz p{ {2y, DTA oRHERHE
UTEporeledbThd, %t AP O 1 B3R
Wiz, Fig.2 o TGA izir&h 32 { Fe Ht 200°C
iR LT L ¥V, L.D.Romodanova ol
X 5%, (CHi)Fe pifRL, Fe+2C:H, k72D,
Fe »f{bahT Fe,0s L 2 2B4E6Y. AP
Sfgic Fe oBhfizBlbhiehot t Bbh3,

3) HTPB+Fc

HTPB iz Fe ¥#HmL A boizE&$pcn DTA,
TGA Tit, 400°C{HEICHT SERLEIEY NS
ha, it Fe B34 v ¥ —~BR+ 5 Fco
BB EAOhI D LEBDbRS.

2-5-2 Y1y TRIERER

1) AP+Fe

AP iz Fc & 4% 3, AP §igd, AP iZ Fe,04549%
EmLedbo, i Fo ¥s: LTERT 30 TR
unhiEzo6h30T, AP |z HTPB # 4%, n-
AR REFEPLTI—F 4 VT LELODORKAE
K L. AP iz Fe #ismL bR bLRA
HEho, AP i, AP i Fe # 4% SmL
L DODFRKAILS00CC B LI CTHY, BADOE
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A

lgnition Detoy Period, (sec)

o
1y

%00
Temperoture, °C}
Fig. 3 Induction delay v.s. temp.

b= R A ¥ —ik 32.5kcal/mol WL {E 27.5keal/
mol Thot, Fig.3 iZiR+. ZZCHEALAE AP
1200 A v allFTOLOTH S,

2) Fc Jish

7y TRRRBBEHCBERT 2R, 250°CHE
T Fe # BRBRFICEATI L, ELIZEBLANS
BT L, 4174912 Fcnd LoREHHRBE
IZEBLTWS, ZOZ Lk Fc XBMRLRELA
Fe BREKIZBIEESH T FeO ReX e Trnizn
2rBbh3. DEOZEL, 7y 7K
AOHITHNBSEER SN, HEEROBRIZEMICI
BERSLOT, DTA 0Tk { BICERHER LY
BofTFROITELVBER L >TRI NV YRBAAR



BoR)BBLTWIZ ¢ bdbsL5iBbh3,

2-5-3 & 4% K B

RN SR I LA 6X6X60(mm) HEHEZREL
BRoOAfIc A1 v AR ORI ERW LD
EBLRA MY 27—k LTRAELSE, Lz 0.15¢
(mm) OEBEEMFTHARAE—5—L L. #5%
HEEREOMMRIZ20mm T 2 #B7E L, B0
Brick 0 (7 2 =X L BRBERIEIC X D 5L R
BHANDH D) WLk, URRERSAVKDPIZR
WTIREE25°C, EH 20~100kg/cm® DT -
J=o Fig.4 Iz Fe, Fig.5 iz CC, Fig.6 iz Fe,Os,
Fig. 7 iz Fe-CC % #im L = #5HIR D MRYERS I 257 T
Fe:0, #moiitfigkex, CC fHime b o & ¥ ¥ U
MEFRL2e. Fc Fmodoit, EEICRITSMEEH
BERAEIFECL I, BETIREEhS Fe it
3% RSN T FeOp L LTH L BN B
LRt &R & ovy, Fe-CC 0o BAFAAMIL,
Fig.4, Fig.5, Fig.7 o &ML, Fig.8 (cmd
X iz Fe, CC oxssimitriasentigrdhsn iz, CC,
Fe AWicHMomz bhimdbn LT, BohdH
$ERIEED | Dol (FEh Ay FTRT) ki, =
O RICHBER AN, MREXRSS LD LT
BITL. Zhoofftind Fe-CC o RAMME I
MU iR DMBEHEE I BV TIIRER B 5 h
B

gl Ferrocess 4“'1
EIJ %‘7
Y/

i

F:4 0 <

0 00
Pressure, {G), Itp/mflo

Fig. 4 Burning rate v.s. pressure of propel-
lant containg Ferrocene

Buraing Rale, {mm/esc)
> 55353

P

0 & g 100
Pressure, (G), (hp/erd)

Fig. 5 Burning rate v. s. pressure of propellant
containing copper chromite
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~i6} % 2
§IJ“ /a
26l

iT

Y% % W o %
Pressure, (5), Ita/avﬁ

Fig. 6 Burning rate v.s. pressure of propellant
containing Iron (II) oxide

- Fe=CC. .2
5;; o5t
§":f 0 / -
>
g | °
L] -~
T 0 0 & 30 20

Frossure, (6], (kprerd)

Fig. 7 Burning rate v. s. pressure of propellant
cnotaining Ferrocene-Copper chromite

&

S

%

Buraing Rute, (m=/vec)

-~
-~

E-
] 2 '3 ¢ s 6 H
Colaiyst, (Persts)

Fig. 8 Ferrocene-Copper chromite additivity
effect burning rate

. % =3

AL T — IR 3R o@EIE B % & 2
W Fo 23S v & — iR+ 3 0 CEABMHA IR
it BESEFIZBWTC, Fe REEMCRIEL,
BEWCI: Fe,Os LRMOTBRERT. Thit,
ETIL Fe RLEHABICTRERR, LT, Bigh
WS ET D, GERTR, Fc o &HMbB~nIEREN
P50, EAREMCRESN Q8 BREm (@
) KL BEALNIBEELTWSDT, Fo 2§
B LB WP DR R CoRERIR N2 VD
TlkivwhBEIoh, Zhix, £, @ARTOH
#Y KB 5, BRBERAOK L RARLESRLM
bhd, TADHLIZBWT, 8 < rixBiE
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Ferrocene and Ferrocene-Copperchromite as Burning Catalysts
for 8 Composite Propellant

by Kunio Morimoto*, Akira Yokoyama**, Kiyoshi Sumi**,
Narukimi Ushirode*** and Eiichi Nakamura***

The physical properties and burning rates of a composite propellant containing
ammonium perchlorate (AP) as an oxidant, hydroxyl terminated polybutadiene (HTPB)
as a fuel-binder, and Ferrocene (Fc) or Ferrocene-copperchromite (Fc-CC) as catalysts

have been measured.

Fc was uniformly soluble in HTPB binder and gave no change to the mechanical

properties of the propellant.
by depolymerizing HTPB.

While, CC promoted the deterioration of the propellant
Fe did not promote the thermal decomposition of AP in

DTA and TGA because of its easy volatility, but in the Krupp ignition test a positive

catalysis for lowering the ignition temperature of AP was observed.

Fe¢ accelerated

the burning rate of the propellant, especially, in the low pressure range of 20~50kg/
cm?.  Fc-CC exhibits an additivity characteristics between the effect of burning cata-
lysts amounts vs. the burningrate throughout the test pressure.

(*Faculty of Engineering, Téyd University, Kawagoe, Saitama 350. **Third
Research Center, Technical Research and Development Institute, Defence

Agency, Sakae-machi, Tachikawa, Tokyo.

***Research and Development

Section, Kishimoto Commercial Pursuit Ltd.,, Nihonbashi 4-6, Chuo-ku,

Tokyo)
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