W % BB X

NIRRT

2HEYy MEEOREN YL

SARR—*, KF B, mEEE KELA*

1. & il

vy MEROBRAMEENBEFTRIRE R LR
WZ LIIRRBDEY TH B, HEOBBEEEDT LRI
2R 5 BAial, KROFRNR EL TobhTw)
A, ThEABLVITLBE TR vIE CREGHERE
ORBAERICBIEL 2R LB {fTobh TS,

L L, HEEOHEAENRIMIZ YD L 510K
£33 L3 T L EFBMIR LRI DAV,

X CRETHENBREFTICE ML L E, &
BERNIC BN DL I IR EDLS T M v
E 2R, RICHEORRN L SISO
# 52 B EHEIRATH LD B oW TR 21774
DD TEORRO—REMET D,

2 KREAR

R AL v F—2RYV S5 P2, RY 2
F, RYSELT 74 FO 3 L, BikAlz, v
Thi@B¥RERT e sk, ZOMRHKE, 2
A v H— 14~28%, BLH] 65~80% FAI =14
BET~9% Ty, —HObOIZiHREERE 1~3
% ERALE,

22 KRG

THRAROFE, O BYEAKRRR, © EiE
LR, @ RBHHANEE, © 3% 174252 LA
LeHHT ENAPL 7, ERBAMHTROEY b
3,

1) EMEAKRRS: Smmoifd BH OEER
CARIAAZ L IAI6EL, BRARETC
SEMERL, ZoMc—EmNT Lty LTS
WRYRRETR D, Sl REuL JIS K 6301 it
L 20°C65% RH iz TRy RBAZTL I,

2) HREERS; CaCl, * AhK BBIZESES
mm OREANESE~IZ, N F22HAL, =il
¥7cik 80°C Ml RS E, —EHMZ LiciY
MUY RE (HE) #1745,

3) DRBEIAER; 50°C809% RH n&lTFI2A
Mgkig S & 72{%, 3 mm HgCaCl; fFEQOERP TH

BIfn444E 5 /1 16 H 7
¢ SMERRIR(E) B W LE ASHAFEA620

18 (126)

a3, R, RIREc—EMNI EIZRY L
31y 3 (RLE) 24745,

3. ERERLLIUER
EaAKRBRBROMEE Fig. 1, 21057T,

o

Tensile Strength ( kg/em’)

| 2
Aging Time (yeor)
Fig.1 Aging phenomena of propellants
(P.S. is polysulfide, P.B is poly-
butadiene, P.E. is polyether.)

80)

%40 | ' p.s.

2 = = . —P.

% I 8

2 )

2 P

Mo s w s jwo s lw
0 !

. . 2 3
Aging Time (year)

Fig.2 Aging phenomena of propellants
(P.S. is polysulfide, P.B. is poly-
butadiene, P.E. is polyether.)

Rith PS XKV HAT s A FE A5~ 2+3
LOTHD, PB kFYVTH T2 (BHEMLBEMK
RO R22LD) EAL =L TBLDT
»b, PEg#Hyz—7 ClzBs bRy o
FAETIVEBELILD) ALy F=LTHL0
Ty, PB* GRY T H T v E AL T LT BN
EHEEAB R A MRS 2V LD TH B,
PS, PB, (IHIX#E, UL LETL, 4im
HwHaEMNRD Y, SEMRGOELE{ VELTY

ITRAEH S



60

LA L PE ARG L4EYs, (TR 2 4R340
RLIRPEGE LA A2Y, BHMELT LR LRIz
DTLEH, %7z PB* L 1 R CRIGOPFINH
bha,

F RO REIEITHIRIZ L S Th7 D PHESE
LB BHRLNIDT, ZITELIZZhETRE
Takwic, FkizRY Ehi-y 7% 3 mmHg
THEBML BB ) RBEfT>THi, Z OREMN
Fig.3, 4°d%, FHiliY, PS, PB CitEHiLRR

Ezo ° PB

g L. 3 4 - ‘P:S:

% /

[

£10= *

7

3 | PE

Pola s w__ s Lu s w
(o 3

i
Aging Time (year)
Fig.3 Mechanical properties of dried

propellants
100 ] APE.

|
T

Bso / = %P. S.

< PB.

2

B

_g ol S W S w $

w Cp

Aging Time (year)

Fig.4 Mechanical properties of dried aged
propellants

B KB A1), MOBHEET S RiBick 3
LOTHBZ EMNREh, TOMICAAS v -0FE
MARBRSIRE ST WL iR I hEF—2 2B

£3

3 » o high burging ratelpropeliant

£ 1

a .

gz » Jlow bu?mg___mt% propeltant
t : %ﬂkn?ﬂamﬁwqmmﬁ

(] N

= Ilu.:olr

.g 10 | ; nao :N2

0 05 1.0 15 20

Aging Time (year)

Fig.5 Aging phenomena of propellants
exposed to dry condition
(air and N2 at room temprature)

Vol. 30; Neo. 3, 1949

27)

2, Ll PE Cix 2~2.5 {EiGHMERIE it &
RRY, AL - DOREARBI2TVWEDOTHR
ehkitrEihs,

BB OERE Fig.5~8 |55, Fig.5, 6

100
low burung rate ! propeliont
N midde buring Tate propellant
8s0
é gh burning raté propellant
§. aae:air
l-g 0 DA®O :Nz
o Q5 10 i5 20

Aging Time (year)

Fig.6 Aging phenomena of propellants
exposed to dry condition
(air and N2 at room temperature)

s -

= .

2 / high burning rotd propeliant

§20 *1- A @ :air

29 o & 0:N:

(7]

P 3 dlow burning rdte propellant

510 iddle e propeliant
0 1 2 3 4 S 6

Heating Time (month)

Fig.7 Aging phenomena of propellants
exposed to hot dry condition
(air and N2 at 80°C)

___’_‘ ——
: !\ow bumi-;% 53 propellant

. Tiddle buming rate propefiont
\\h~___w bumning rate propeliant.

B A0 gir
0aoi,
| 2 3 4 5 6

Healing Time (month)

8

[4]
QO

Elongation (%

o

(=]

Fig.8 Aging phenomoena of propellants
exposed to hot dry condition

(air and N2 at 80°C)

R CRBRMETR B &hi PB 0 24ERIcE

SREFT A FORRTH Y, WEER L CHUROER

BTIRE LA X B RA W, Eithic N, ¥zt
BRLTIELPOLOLIEEA Y EDOTWARN,

L»L, Fig.7, 8kkabh3 X5z 80°C 2 4R +

19



niE, EFo EE LRGN, HURR SR
Y, BEEIINZ. Gh 3 BREREOMIRIC Lo TE¥EHE

Rizt+ 3,
TRERRR D BRkE Fig.9, 10 o5+, KL

-3
50°C

Recovery

_59 0% 3 mmHg

220,

£ /

E‘o 14

s: —p—

o

Z,

o I('ZJ 20 40 60
Time (day}

Fig.¢ Effects of moisture and redrying
on mechanical properties of pro-

pellants
12
380 b\‘
g 4 \.\_._
2 ————
[}
?m
o |50°¢C Recovery
80% 3mmHg
0
40 60

20
Time (day)

Fig. 10 Effects of moisture and redrying
on mechanical properties of pro-
pellants

Baticmmic BB S 45 L4910 BT B IR
U, BIRDBEEREECRP L, HUsRRARICHK
Y5, LALHCESRTSLMEE hoRe b @
L, # 60 BEIIBIO 80 % BEFICEST S, Zh
& DGR L FR ICRBASR EREELOREIZ L
TRD A, RiBRIT0.2% 5k cdh, RBRLS
FOSEOBURIIBRIIC OB e dot, ZORIBE
WSBRDRER L BRI AE DI £ 55 &, BRI
bz &iBdh 2 W EIICE T+ 525, MURizHo
FEWHERT, TRbLEMMORE Cidfh sk
L, RYPaAREBRRRICBI 3EMOBURIIETL
Tw3s, ZOFRIZ, F¥Tdhs), EHEAKR
RiFEEE L TENIORSB CRELTHZ &3,
HROBBZAL TR MR E BB AEMENDH D
TEERLTWAENR LY,

MRS ERSERECRBRIC BT B M3, o

20

LADORBIZBWTIRINATS Z Lz Lo TRIBOXE:
AL LTRBLTYWAR, #ERizlwvit, Fig

5& Fig.7, $3Xt Fig.6 & Fig.8 Lz o fFimA
Fok{RAY, TA0L S I X > TEFIC
BEFORMEAS L) HETHERIZ BV TRELT
Wiz,

Thbb, EEOEENLIEHRIEOTLE A
MORBRCRELT 5 Li3dL )V EBLRELRL
TnsEni ki,

L Li#s, HEMEBLIZ{ vweHEL O h3H
Y72 Y= AERTLAREHT CRIBL, WM
B Citd 312 LT HRENAEHHE B E
b b T biziEROR ) BV 0 LTERAGT CO
BENEENS, RV TP = VHREL VBB LT
Wik x—F ML TS, BELPTWE
TFESLHEECBN TR Iz O TORK2HR
VRN BBETCHS I,

HEORBIL T DIEMEICRE BT L R
RLEH, EORBAREITEST 5Hke, KV F#
TzvDrAL v F—DHOREBRS LB,

EFERV T2 DAL v F =0 (& 2mm
130 20~30 mm EFHF - 7n) kY, 20°C ©
EEENRR SREE (20, 47, 67, 80, 959% RH) i
YA eBE, COREKASETRELR,

Potts? 6132 @ RfiKIR 22614 5~ RiE
B4 Henry DERICHE S BaBl4ed, Flory-Hug-
gins®® D3LICHED KM X SEEERAS,, LW IK
FRHELTVWS, S Thbohic L TR RN E

[rg/3ed i
Flory-Huggins O R+ AT 1) KOy ©
b3,

In P/Py=InS +(1=S) +p(1=8)% -reeerruerene D

HEOFRRFZ—ic Langmuir O35
Potts &gz & el 5 iz, Henry s
Dole® &3 BUW R EBEBIC L, TORL,

J 7T RNy G X 2)
TEbEhd, TIT,

P=FRADKOLZE

P=SB5REE I B Bk OBRIUE

S=R@eE (KRRE T2, HFTAFRE A5

BEBEHPE WD RESR = FRRE RE)
p=rK-,34 ¥ —OBEEK

K, K;=5%5%

wEoRRE Fig 11, 12 IRt

Fig. 1113 1) Riexf+ 57w v b ¢, REBUITIRAM
Thd, Z (Fr v M) BiERECBIT3RE
Bigkis, Flory-Huggins oXizfb v,

(128) Vol, 30, No. 3; 1969




1.5
|10 :
[72)
05 .
|
OF‘r’*zs 10

P/P.

Fig. 11 Relationship between S and P/Po
(solid line is based on Flory Hug-
gin's theoretical value and plotted
points are experimental results. )

40 ’ i

20

Pu/P

00200 400 €00 860 1000
1/S
Fig. 12 Relationship between 1/S and Po/P

(Comparison between Henry’s law
and experimental results)

Fig. 1243 2) Ric ¥+ 37w » ¢, Henry o
e S b Po/P—1/S OBARIT FIIZ 20 DA%,
FERTI IR L 2 Y Henry OMIZHS L5 2 HiR
BYUERBRCL LN LATENL, BB BE ETI2
Langmuir o0 LFTR%M, Znicbitby
wZ kar&hre, ¥/, Fig 12z Dole® & oyt
BER (FUL H#VT8P 200 BEiclT 3 JRE
B) #pLat, Dole 6I3EYFyT =g 0 ¥y
—OFERMRAN, Henry npEHlz §85 HEEFRAR
THHEL, RMBREBoki@aEgTwns,

bLAS -0 RBREN, 1) R, 2) Rickb
vkt hif, HHGAOEETH SANFOHTFHLR
HEBNL S VIR EV ) QORI L TN
YEXOh, ARBCHWERY 7 U= Vidiiike
2, AREREELD S L) AERY SLRHES K

BBz D, Dile s0boRG—nERNRBI oL
HABILLTEE I, AV T—EKIZBLTHES
LEBREZ RN, OARRAZOEGESRIZL
BZEERLTWAOTRAVIEER h, HEER
DOPATVRVY, ZhoHDFED—2TCidlv v
EEhD,

4 & ®

RYT3Szv, BYH$AZ274F, R)xz—Fn
ERAL Y~ L35 R IZOVT, ENAREERR
B, ERELRER, BXURIBEIRRRETRoNM
B, RoBRLHr,

L YT 74F, RYT5T=vritvy
— &+ DI E LB IR LRI IT 2 21T,
FEOLERRISZ &, ULH LRI, TS
BETL, £Hds5viz ZHTH Ehil [t
5,

2. BYz—FaEAL =L+ 5EERT, BB
BIITFLL, EHICHBREEHES,

3. RV y U= KR KRAEHBREGTCRE
R EIIZ L A R bhiev, LEL 80°C ¢
RERSEATLIHTOMERERR bR S,

4. HYVFy Y= HRIMBINAET TR, AWM
REENI Y, MERETL, MRk, L
PLERICX>TRHT S, <0 BRESRO HFHO
iz, S F—0(0 RBRIVE WEL - &R
Henry o%iB%3:0ic bi#¥b, Flory-Huggins @
MEEHSIZ LREL AW EATEN,

e SHMIRBREELWTIRYES & L AIRKE
THBI L, &b, EROBEMLDENHFEOE
(b2 &5 IcEMMORFANRETLS 2 LizE
BTV HEZIONBZE, REERII LT
&l

X [

1) Potts J.C.,J. Applied Polymer Sci 9, 1841(1965)
2) Flory D.]., Principle of Polymer Chemistry
3) Treloar.,, Physics of Ruffer Elasticity
4) Dole, M.], J. Chem. Phys., 16, 25 (1948)

Aging Effects on Mechanical Properties of Composite Propellants

by K.Suzuki, I.Omura, T.lizuka, and T.Harada

Mechanical pro erties of composite propellants exposed to outdoor air, dry N,,
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dry air. hot dry air and high moisture air were studied. Polysulfide, polybutadiene
and polyether were used as propellant binders,
Following results were obtained :

1) In summer, elongation and tensile strength of polysulfide and polybutadiene
propellant were decreased in outdoor air, but in winter or under dry conditions, they
were recovered, |

2) Degradation of the binder was observed for polyether propellant,

3) No Change of mechanical properties was observed in polybutadiene propellants
at room temperature in the dry condition, but at 80°C in the dry condition some
change were observed.

4) In the case of polybutadiene, moisture was absorbed, and elongation was
increased and tensile strength was decreased at high humidity, but they were recovered
upon redrying, The absorption of moisture followed neither Henry’s absorption law nor
Flory-Huggin’s equation on swelling phenomena,
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