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Table 1 Propellant formulation

Ingredients wt. %
Binder 15,32
NHCIO, 74.77
Al powder 9.01
Burning Catalyst 0.90
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Table 2 Binder {formulations

Composition
\ 1 2 3 4 5 6
Ingredients
CTPB 100 {100 100 {100 100 [100
MAPO (eq) 0.9 0.9 1.0 1.0 1.1 1.1
EP (eq) 0.2 0.2 — 0.2 0.5 0.5
Pf°f§§§)°“ 30 |30 |30 |30 |30 |30
C.C. (phr) 0.2 0.2 0.2 0.2 — | —
A.O. (phr) |— | 1.5 1.5 15— | 15

CTPB : Thiokol HC-434, Carboxyl termi-
] nated polybutadiene
MAPO : Tris (1-(2-methyl) aziridinyl) pho-
sphine oxide
EP : EPON-828, Bisphenol A type epo-
Xy resin
C.C. : Trie[2,4,6 dimethyl amino methyl)
phenol, polymerisation accelerator
: p-phenylene diamines mixture, an-
tioxidant

(eq) :eqgivalent
(phr) : parts per hundred parts of rubber

A.O.
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Fig. 7 Effect of 70C storage on crosslink
density (10mm sample)

CAOSSUKX BREAK CENSITY,Ne OSMGL/TMI)
S
)

1, 3 HIV4RBPEET A, HR 31245 ALIE
BT 5 A HRTH B, 3.2 SEME

10mm RO S\1HHE N, OBMELY Fig.7 10mm REEAVESERBOKME Fig. 12107
IRL, tO7F 7L Fig.5b Np Lo Ng %fidr  +, FIRME 3 X' 0%k Fig. 2 3 X 0° Fig. 4
AV THB EFE L, Fig.10 KiRLL, ¥hID DRI ~F L,

g os}
= 3
2 g
E 04 !
é
o P
g ‘,If,jo.a
5 -
g 5 0.2
2 0 15 ) € 7] %
STORAGE TIME DAY) Za
Fig. 8 Effect of 70C storage on the redu- 8
ced crosslink density(10mm sample) So h—a——o

Rg {0 4HOL/0

Fig. 11 Dependence of crosslink break rate
on crosslink break density

N
©

-
o=
v

St

CROSSLIEK RATE, ﬁia 110MOL/ CAY- DAY}
b=
)

%)

3NN

ULTIMATE ELONGATION TENSIE STRENGTM

Ng (106 MOL/CMI)
Fig. 9 Dependence of crosslink rate on’ ‘ % 7 i
crosslink density (Block sample) : STORAGE TINE (DAY)
: Fig. 12 Effect of moisture on 20C tensile
B S50 RV EES Ne 28 L T7m » P LA properties of the 10mm thickness
Lot Fig.11 TH5, @K 2 04t Fig. 10 010 specimen exposed for 14; days to

AR Bl A0 D B b, EBEMENE I T8 & T 50C, 79.2% R.H. environment.v

%o ORIV h LB —EHE CEI T AR 3.3 Ak
wrah, ToRVFEEIRXSRETT 3, 7w » 2 70C, 9 BRERL, [BEHEKMLELE

—192— IRKKBAR



HEERORFELXAR I LOWTHEL - o M
Fig. 13 Ch 5, ZLIOHBER b A5 0.04~
0.06% Ch5, REM S 0mm ¥ COKFIRMML
TEY, BEAEERDTARS EXOARCES,
W=0. 1422, 73X 10~%Inx
LIz BRAE»OBLE~OERE (mm) T W
XKOBE (%) ThHbH., ZORPTAIWELT-
fehioH v EELEMERY Fig. 4 2R/ L &
KEE D ZHIBGHBIERRL TS,

e
o

%)

2
S

WATER COMCENTRATION

-]
=]

01 65 1 23
DISTAMCE FROMW SURFACE {CM)

Fig. 13 Water concetration of aged
propellant

HARDNESS (J1S)

4 acs (X
WATER CONCENTRATION (%)

Fig. 14 Relation between hardness and
'~ water concentration

3.4 RABIADN

70T, 0B LRI MR LM 1 OBl
OV T HMERMNFAR DI T TRy
Fig. 15 BiR¥o EftHBOA~7 bA LHETHE
3250cm™! DABEOBRMBHMA L DL T, ik
LA EERD Ve R=ATF 4 VYT 29000cm™? 2
F 1 v ORMEARERE L 3250cm™ O% 3% HF i
EoulEx WELWEHET 82% O Mky RLTWS,

TRANSMISSION ( %)
o
(=]

Bl T T T T T T T

- WAVE HIMBER {1072 ¢M™1)
Fig. 16 ATR spectrum of aged propellant

vol,39, No.4, 1978

4 # ®m » ‘
MBI W CTRBOFARBNARZ b AR
LA ETERR I 1708cm™! BINDH A Ky
AR, BEREE UTHAV Iz 1638cm.! BALD R
RoMEAORIER Eo/Ep® offliz, BB IO
B4 BIGR s < 10. 45~0. 6DffiiciE HoV T B
RHEBESIED T, B X555 LWRIK
e 2 0fBILeVye o THFRTOMRIBVTH
Ay AR ATROT LS CRMERERICRL
Twa ELHiEENhS,

AL v H =2 ADBRBRIEE ERD X 5 imR@RLT
WAHRLILLT, BRIV »2AD CT
PB r il & oMol IMBoTwB LS E
PHEEEIhD, THhHLMAPO B LU =Ry v iY
B e gtlmit Fig 6/ 5ic, L6
YRRV b O iz HLiy3 o, 1.1~1.2
UEDOLOTIH2HEOBIT EEITRLT S,
BHOT LY 7 4 vIRRERB7 v =04 0D
BT EIMER I ATV, FERRBIEES
do=BpoN, BEER7 vyE=ava, THi=
AFiFERBE BN ERET LA ELLR
3. L' LEDRIGHIE Fig. 9 1wini 2 & { TR
B, BLoBEGRELARKE LTI hS,

MAPO 1.0 ¥ft0 A CH{bL L 2-#/ 3 ¢, 70C ©
150 $ CHM 3 HERXET LTV 5012, T CrBE
ZhTwaZ& "), P-N ZAoRME 0B E»
LREAINLELTVWS 0L Bbh3, LhLE
h BN BEN—RO LR L 201, RAY
sy =y A LRBMCTIRA B LISk ORI IS
SMBERBLETVRDTHS 5, _

Fig.5 56, N4itftiEco MAPO 0.1 M4Eofim
iz No.2, No.d R OREN 5 TX107, ¥ V=
# 0. 28 ok, No.3, No.4 RO S
58~9x 10 ‘mol/cm® DEIF BWEEDHIM o7
%o —H% LBy 17 © 1.5phr % 6~8X10"'mol/
cm’® S OWM GBI HLET. SHUILALET
ARNEGEECBITEELTTF 5012, 720>
YOIMBEATE T MBEI T LHANT D ER
bhd, F—FRNEI VTS B EFIRG
BHEEYETIRS - ENFig. 9hbbhd, Bhit
Ik LS EER, vk ERELREEY
ATH, MAPO L0 Mo oML 0 KRELR
LTW3,

—HBHEA OB T 5 BRFHIRTIA s b s
5o WO HIATRC, BIFHILAY AR 2
i3, DNBARRRRIC X B 4piEm AT By o8, B
AN 1.2 MELUTFO 3 DI — Bt ET 2R3,

— 193 —



BrBH L6 YRodoRFEBE, Hrtkdice

» 7R LD REEMERLCVS, ZhizT ey 7
R0 L 5 e ZRZoMEYZF Tkl b ok
BT BEIIKRL, ABENKELS RT3 4,
FRIAOEBCEMF AL L TESRRE L, &
BBREEY T THB S5 LELLRS,

Fig. 11 CHEMG SO VGHEE DML 0 RTCHS
AL 1 REEOH LR LTV 5, B AYEHEE
R d(dNd/de) [dNd 33 ~_CD B L L 2E i~
TH30. FHILBHILFRBIT SUBRHEY 20~40%
ETEd, =#Hry CREFALEIT SELFHAR
SMAOBBLIERZE HEI T A DB R ML
Voo =7 B o=y SREAOMBIEN HEIBH
KoEBEEFIC

Fig. 12 12”4 50C cHRHBE 79.2% i3, 70C
33 E 40% oBEciflT s, coX5RSER
BTCI, 70C CH % DBEXY, BMEOETHK
Ev, Thit=H3 o LRERME OB EEEAS
KRG EERL, ToSaNRERKESSCREL
TWwWhE#E L Bbhs,

HE L THEmEIAK LB o &K & BErEDBR
iz W=A-Binx 0HARTRELHZ LLM B R
oo AMBE SRICHBBE LT85 W
=—D%"/% QIR S 1T Ch BN, FWELE
PR BN X S HEME VB o TWH T L
o, KL v X —DmAkFROLDHEBRSHIZD
DrLEREIND, Fig 14 RRTZEKRGFE D2 Y
EOMBIENRC L0, HEEPCEThIKS
R34 v X —EROMAFR, T & DT A8
B, s XouERALE LCIFRERBOHEELTWS D
DEBbh5,

WEAG 0.10% kA5 0.06% o H o ATR
ARY b AREWT, 3250cm-! BIROKRIEELE
WEou/Ex®tx 82% 0% & L T\V5 0T Lambert
-Beer OB UMR Y L2 E LT, ThILBIEKIBEY
RTHDEHFXORBY, HERKORINE 3450cm™!
(¥ % Yo kb b?b»x{r‘tﬂ:ow’titﬂﬂ&ﬂa‘&ﬁ
B35,

ElegohiEcovC, RBR ICERTRDH

—194 —

RizowtikiteiigTs,

5 & %N

(1) CTPB #:#RI s\ C ML ER AVvAF{t
Flo72 954 B IV=HRevi2, THEHL O
BHE LTEBL, TORIGHERE O CERICE
B3GR ERLTThIER bV,

@ =i¥ et LA, &Ro
KCUMEZTH.

(8) HfERoXkK X 3BT AUMRER 1 &R
E‘.ebz,ﬂ

() RO RIAHEHTEE i3 1X10*mole/cm?
HERH D, 2x10°mole/cm® % B+ LHEELE
-3.0
6) 7=2=Lvy7 i vERENILHELFOY
HREYETIRS,

AFRELT LYY, HEBBAL VRS
LIFRE)XFTHORHRK, HHO=ZKE XUE
RER ovc HRAIR(RD FHERESRORER
ERCESMLELETFE T,

X W

1) D.M.French, L.Rosborough; J. Appl. Pol-
ymer Sci., 10, 273 (1966)

2) C. Boyars, K. Klager;
facture, Hazard, and Testing”, Ameri. Ch-
em. Soc., 1969, pl39~

3) AR, SHARIR—; FFAM, md1—1438
4) Kiif—, ﬂiE, ﬁﬂlm, H A4 884540 5

(1977

5) &AKRMB—, XHK, FERE; Tk, 28, 398
(1967)

6) kB3, WWTR#E; TKEE 32, 315 1971)

7) M. Shorr and A. J. Zaehringer; “Solid Rocket
Technology” John Wiiey & Sons, Inc.,
New York, 1967, p.47 .

8) M. A. Salimov; Rubber Chem Technol
36, 747 (1963) :

9) H.P.Brown; xbzd 36, 931 (1963)

10) H. C. Allen; US Patent 3,745,074, July 10
(1973) ’

“Propellants Manu-

ITkRisE



Aging properties of carboxyl-terminated polybutadien propellants

Part 1 Aging and Crosslink Characteristics

" A. Yokoyama, K. Sumi and S. Kiname

Effects of curing agents and antioxidant quantity on the heat aging properties

of CTPB propellants. were investigated.

It is found that an excess curing agent to

its carboxyl equivalent acts as a crosslink agent on fillers in the propellant during

aging stage.

This crosslink rate is significantly low compared with the polymeriza-

tion rate of the binder. P-phenylenediamines, stabilizers for CTPB binder, decrease
not only the crosslinking rate but also the crosslink density. A small amount of
water m the propellants breaks the fillers-binder crosslinkage in the first order reac-
tion. ‘It is estimated that an optimum crosslink density of CTPB propellants is app-
roximately ix10‘°mole/cm3, whereas the optimum density of CTPB binder is an

order of 1x10™‘mole/cm?.

(Third Research Center, Technical Regea.rch & Development Institute,
Japan Defense Agency, Sakae, Tachikawa, Tokyo, Japan 190.)
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