mmwmwmﬁmwm“

]mﬁmggoméfm

CEE KRN B BN RE EE
R E B W A mEe

2YET y FPRERER S VAL L TEBRAESEY R LT A L b, TERALE.
RIERTHORA T SRBRRBERY T2 0=v Y v— (UTFTHIPBLER) ¥ 14K
BETERL, #)~—OHBEFFELARTHL LI, A v 7~ LTOFMBNN
gﬂﬁ%iﬂrotc
4x/mA§HnBu,7/w»EAﬂHnmew&?6eﬁ?ﬂﬁmm/+ 7an”
BELEC. 37 ~EENRIE L2 ¢ = B 2 DA S RS NEELMRRETSS.
A4 v F =B E LT, HFR2500~3500C, FMKREOHBIL 1 GO L OIRATHY,
r)f-»&%&muu,/41/7*—bfmmfagekxoﬁnrw&&ﬁfa»4/”
FolekBo ' -
# HTPB 25z ki, RRDOHY S 2o = v RY ~— IR BERTETHSIE

AL = ﬂﬁﬁﬁﬁﬁ%wﬁﬁf%tou0ﬁ£¥®ﬂﬁ#§&.%&blv%ﬁﬁ&m

47T, A& HTPB REATHE L4 Shic.

1. # B » '

=/f/ybxl#ﬁ£$0&ﬁu,%omﬁmﬁ
¥ AT A4 v A=) OB CTERER, #
Y7 rAF, VLY, &
L, RKipfe v sy 7202y +—Ca-
rboxyl Terminated Polybutadiene (EA\FCTPB & Bj)
BALYE=LTERY 7 2o = RHGEENBED
2 ELEEAShTVS,
. RY S x o= vRAEEIEOHEINT, BRI,
NP DA S v X~ DR 9 ~11% D S TR
723, CTPBCR, HY~—ORE L,
ot Lo fin s, 12%~UGNBRETHS,

=@ CTPB L RFOH#/MELXH L2r>CIPB XY
S, HESHELETCEIAY 2=V HY v —
ELTCEERBETRVBAIIR - TEL-ONAMAK
Bk Yy S & o=v#Y =~ Hydroxyl Terminated
Polybutadiene (LAF HTPB &B8) CTH BV,
KESTIZ, HTPB RHEERZ T ToIBE Z AT
B0, HEEEEZDOLOR, ZOEEFELXR Wicr r
» P OWRBELF A BFIh, FHLIBREA
B0y FRI, F54 54T HTPB RifE#E)EA

ARSSESALA B8

*BEABAMTHARNRE REQNIRHYE

S EASRT AWMBGIRET BENRNRTHLER
S EAMRHRSTE SalinsmRany

— 156 —

dfk?ivaﬁﬁ

BRTUYBESCHB,

hHOHAER A RT3 HTPB i3, XE
ARCO HHDOR-45%K Y =—Th b, BEULYEE

CEMERE LTG5 9 U a A IS TAREh CTPB

S LA DERLHFELYHL TV 330D, A
FHCMERD S, ARBICEHRER(S IR f 08
Favie—=nTEY, #YV~—0ffis v b2k
hEL LM v F —DHE—D W TREEREDOHE:
—BEH DO HEESD S,

Lo, Ly CTPB oaﬁﬂ:vfm:ms—c«rﬂ-
YEETHY v —R&RL, OMELFARLRS,
4 HTPB 120\ C Y, RAROXE TA 4 vHEHE
i2Xx b HTPB 48, ZhiRv itemmEkit
KOFRETh- 20T, TOMPLENLTS.

2, 4A4HE& HTPBORSR .

2.1 HTPB OBR&LU4 4 e HTPB O

3
RY =~ ERTHHE, ARNEMSS IURELD
HMﬁ&rxbﬁ?ﬂvﬁmxo&amEmfa.
WRCIRSTFRE BEEOHM YT 32 5 o
RV <=—2ERL, #) - —-DKE, 2 TR0 Vv
TE—F (P47 0T3—1) LORGELENGR
AHY v - %BELX,
A4+ villdlick s HTPB o0& 7 e~ ¢ 1 E

i DL 4R



Fig. 1 Reaction of JSR-HTPB Polymerization
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Table 1 Physxcal and Chemical propemes of JSR-HTPB and R—45M o
Item LP-R-3 | LP-R-4 | LP-R-6 | LP-263 L P-264 R-45M
Polymerization Method ~ | Anionic | Anionic | Anionic | Anionic | Anionic [Free Radical
Hydroxyl Group = * Primary Primary Primary Secondary | Tertiary Primary
Average Mole. Wt.» 1970 3160 4690 2780 2800 - 3000
Functionality ® 1.91 1.94 2.02 1.97 2.06 | 2.2~2,5
Viscosity® (at 25C) poise 24.2 §5.0 89.3 59.8 58.4 61.0
(at 60C) poise .. 3.6 - 8,0 14.3 8.3 8.3 -
Micro Structure®, Cis % 20 21 20 17 17 B 19
” Trans % 30 31 34 28" 28 58
o Vinyl % 50 48 46 55 55 23
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Table 2 Physical and Chemical properties of various HTPB used for allowance tests

I Samﬁle Molecular | Functio- Micro Structure
tem ’ -
NO. Weight nality Cis ) % Trans % Vinyl %
Reference L P-R-4 3160 1.94 21 31 48
LP-255 3080 1.94 16 2 58
1,2 Vinyl Contents L P-256 3080 2.04 18 28 54
L P-260 3100 194 17 30 83
L P-257 2720 1.9 17 2 55 -

Molecular Weight L P-258 210 1.87 16 27 57
o L P-259 2120 194 15 21 6
' L P-265-1 2810 2.13 18 27 55

Functionality L P-265-2 2810 1.94 . 18 27 ) 55

L P~-265-3 2810 1.63 18 27 55

L P-262-1 2760 1.7 19 30 51

Table 3 Reproducibility of HTPB in plant
B JSR-HTPB K-31
Item L P-265-2
- Lot. P-1 Lot. P-2 Lot. P-3
Functionality 1.94 1.92 1.89 1.93
Hydroxyl, Eq/100g 0.0691 0. 0695 0, 0691 0, 0687
Molecular Weight 2810 2750 2730 2810
Micro Structure, Cis (%) 18 18 17 18
. ” Trans (%) 27 27 28 27
” Vinyl (%) 55 55 55 55

Viscosity (at 25C), poise 70 65 58 -

” " (at 60TC), poise - 7.5 7.2 7.7
Specific Gravity, 25C/25C - 0,907 0. 900 -
Moisture Content, % - 0.033 0.020 0.008
Glass Transition Temp., T — -4 — -
Insoluble in CCl,, % - < 0,01 < 0.01 < 0.01
Index of Refraction (25TC) - 1.512 1.511 1.512
Antioxdant, % 1.0 . 0.9 0.8 0.8
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Fig. 7 Reaction profile of trihydric alcohols
with IPDI at 60C.

Table 4 Tribydric alcohols and Diisocyanates

Trihydric alcohols Diisocyanétes
Coad name “Type M. Type M. wt,
TMP Trimethylol propane : 134 Toluylenediisocyanate (TDI)? 174
T P-400 TMP based PPG® 400 Isophorone diisocyanate (IPDI) 222
G P-600 Glycerine based PPG 600 Hexamethylene diisocyanate (HDI) 168
GP-1000 | o 1000 Xylylenediisocyanate (XDI) 188
G P-3000 ” 3000 | Hydrogenation XDI (H.XDI) 194
HF-319 Glycerine based PEG® ~ 3000 ) '

1) 2,4-TDI/2,6-TDI=80/20
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2) Polypropyrene Glycol

3) Polyethylene Glycol

TRKBBEEE



-100

00w

A

. Fraction unreacted -NC

| 2 3.4 5:11“-'7‘-"6_‘:,- -

Reaction Time (s} _

Fig. 8 Reaction proﬁle of tnhydnc alcohols
W.lth TDI at” 60'C P

N & DGR RE L

BTRULIPDL & b Yot~ 0, H8EIX TDI & ¢
VA~ A ORIGEZRR LD TH S,
JIPDI & MY —n D KIGKIZELS, LP-R-4
LIPDI LORCHEEY DBVWZ M, WO
EfE—EHI LT %0 XL GP-3000 BREHE
ERBTEHZ 00, <4 vF—OFLICBIHMY
BT LfEEThS, ¥ TMP DREENRY -
a LB, #ﬁf@ﬁkf&aofﬁmwwm\ Bt
» CHYLHlK IPDI %m\awmz, 4 F1%400~1000
orux—»&%ﬁﬂr?s amma.*mﬁfu
LlgoREU2G P—soo-ca—a 2o

" TDI 04 b G P-600% i E, RGHEDN bA
T, G P-3000 ® HF-319: Dl & h-ud g & e
Shd. L LR RIGHEENRL, ¥ IPDI
CHARTHEFALRWOT, BEH L LTRENC
IPDI %5%%, REEEDO= v b v =ik i Ok
528kl

3.2 Y- BEORRE

JSR - HTPB & LCL P-265-2%Fiv», 2h &G P-

600, IPDI @& heiE 1 v &~ ﬁ‘*&ﬂiﬁuﬂ

THERBORKRE ;

(1) SRERFE LTy 7 3 v BRmLAHAMBH
KE{%,

) BEIRBE, THAFTANTILERDS,
(3) REOBMALETHY, Rl LTREROH
BEBEIHHTHD,

BOQALHI-OT, A1 v X¥—-ORURIETELL .

BISWE L 1 v ¥ —EOENERD, RARSY
WETHEL L.

fods, OWER-4EMTIL RARE AV F 4V
FEHEMUTWELORBETH B,

Veh.41; No.3, 1980

E | R [ SUDERN LA R % D f&

I :- ) S ﬁ& %
HTPB|G P-600] »'7 & ¥ | IPDI ;ﬁ m:m%

ﬁs 9EILHTPB & 7 & /DH:$=§:L-EL:L13¢§.
GP-soooﬁbuﬁ&mbs&. E&é&auwﬁnﬁﬁ
BIPEL TR (M) 25, = 0 Mc L60T 150
R IREBLL S, IS w«»sgmkbzzwr~
1 v - o%&osﬂﬁ&@ru&o—%ao -
L ‘.hfﬁbhw‘_mf v — o%&ﬁﬂ?ﬂmo CTPB
a.:twamaﬁ:etb, HTPB ic 30 5 B8 Mc usboo
WETH B L HHF L,
wic Me=7000~85000 31 /ﬁ-EaA-c 'F::Eo
EAomﬁ¥&ﬂmL. Mc emﬁ%%&oms&*
Bi=e
OA1vd- MY .
OBERR7 vE=v A (400/15D 25%9%) 73/
OQ7na =9l (METORR Al B 16% . -
I OTEIZ 60°C T 15087HI L L, %&lt%u A
HRBRACHE LR,

9.0 _~l2- «g
41 g
8.0}
;§: 7.0"" —dasg
g 60 =107
5 . ’ - O.G .
§ so} —2500
‘3 4.0 ~{ 20008
' S -
e 30} 1500 %
' £
20 =11000 5
1.0 - 500
05 10 15 (x10%)
Effective chain molecular weight (Mc)

Fig. 9 Correlation of Mc to physical
properties of JSR-HTPB based
binder,

%mlwco&s;&tm?o

DR, JSR-HTPBiXAvF 4 v 7Hllk LCR
tFipENEohs s &, Mc L TH280008 8445
BCHHC LB CERE,

IR, Mc=7700 D31 v ¥ —% 60T T 1508%
HmMEB L%, 70C CEELBOMiEo T ERRL

— 161 —



-70
<460
-150
40

30
36

34
32
30
28
<26

1.0~

modulus (kgf/cm®)

100

Elastic

stress (%)

Strain at moximum

Maximum tensile stress (kgtAm?®)

f ! 1 |

o7 ors o8 ass5 (x10%)
Effective chaln molscular welght {Mc)

Fig.10 Correlation of Mc to physical properties
of JSR-HTPB based propellant.
2230TH5,

BRIFIE e DL L TV B 45, ﬂﬁﬁﬁﬁ
REBSTLELTHE BT, EELMEoRG-Z L #E
BeEi,

8.3 /¢4 ¥—=FRONRA

ﬁ%ﬁﬁ]h—G P-600% T, 4 v ¥-RIIBT
%&%ﬂﬂt%ﬁ%&ﬁb kmfétm._o»4
V- ?&it'F*’EO 3¥E®3&E0ﬁi@ﬂ=a‘36° .
() GPﬁm&m».m—T»%A&Lr*%mﬁg

&tOﬁﬁﬁmet—»&%&Hrmwbk.@

{LHABYERET v €=y 4 (AP) LoEIEONG

YR L AR 3 HEEED HRED f&m;@azg

b, EEROSEFRENEL{ S,

@ %h, ThHEO Y-zt ORBERARIK 21K
ﬁAmnu_amas#»¥~v«»wﬁv GiE

13 8 5
dsar- (rioh
£33 -

3 &a8 :
N 3:8%% £2
. s00 &
an ' 800 §
Zrol XN .
SﬁggE\a’N-“
P
2 %40

I T T T T T
0 2 4 6 8 1012 14

Aging Time (weeks

Fig. 11 Aging properties of JSR-HTPB
based binder at 70C.

ReTIvh =RkA£-HICIL =41 > 2ABEHTDH

B,

(8) HAEFD1Hi:LTo DOA # IDP [, =

PYEELE S N '

B Lo/ fRT 5, #5 ISR HRMAR
ZoRY)Fro=vREYVr—A BT TF. HHB
LER) WDHSSL, GP-600z3s& 2, (1), (@odka
¥Rb, Qo oWTRERBEORY P =vilY =
— (LAF NFPB kEf) mmmm L. HRAEL
'C}ﬁlnf_o

¥} 268D 5 HLIEKER] NFPB 0w 5 ARBA
i, W5RWSRLIL 5ic HTPB #Y =~ X h{ELs
Tidb, Thiy Bl iistRoERGE YU T
EHTEELDS.

Table 5 Physical and Chemiml Properties of TF-HTPB and NFPB

- L NFPB
Item s LTF-HTPB
7 ) . ® High Viscosity Type Low Viscosity Type

Molecular Welght 4200 2700 1330
Functionality 2.7 0 0
Hydroxyl Value (KOH mg/g) 37 0 0
Glass Transition Temp., T - — -87

Viscosity (at 25C), poise 150 35 6.4
#»  (at 60TC), poise - 5.5 -
: Micro Structure, Cis % 20 18 16
” , Trans % 60 27 25
” ., Vinyl % 20 55 59

D MR, FDOPHM  2) 3.3, FOFHM
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QO ob :Stress at break
A em : Strain at maximum stress
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1 E :Elastic modulus
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Table 6 Processibility and Physical properties of JSR-HTPB based propellant
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VISCOSIty of S Physical ‘properties of pyopcllnnt
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slurry at EOM® | (hrs? ‘ - tensnlel maximum modulus

. o ) strength stress
(poise at 60T) | (kgf/cm") (%) (kgf/cm®)
Ea ;eoo Jomi 20 8.8 2% 54

- n -

- -30 - 2.5 28 367

1) EOM=end of mix

2) Time when viscosity of propellam slurry reach& to 40000 poise
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Fig. 15 Burning stability of JSR-HTPB based
" propellant at small scale-motor tests.
APc: coarse AP, APm : medium AP,
APf: fme AP -
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Development of HTPB Propellant R .

by Daizo FUKUMA®*, Shigeru SUZUKI*, Kensho SHIROTA*
Kunihiro HARADA** and Haryaki SHIMIZU***

A hydroxyl terminated polybutadiene prepolyhiér (HTPB) has been studied lately
as an excellent binder matrix of a composite solid propellant in the world.

A new HTPB (JSR-HTPB K-31) was polymerized by anionic living polymerization
method and its characteristics were experimentally studied especially in relation to
the moleculecular structure and binder performance.

HTPBs.

It was found that the polymer had the following features compared to the other

(1) Higher content of 1,2 polybutadiene.

(2) Narrower distribution of molecular weight.

(3) Lower viscosity and good processability.

(4) Good reproducibility in functional group content.

This polymer satisfied the specifications in high energy solid propellant technology:

(*Aeronautical and space Division, Nissan Mofor Co., Ltd. Matoba Kawagoe-

citama, Japan

**Tokyo Research Laboratory, Japan Synthetic Rubber Co., Ltd. Ikuta-ku Kawa-

saki-city Kanagawa, Japan

- #%*Research section No. 3, Nippon Oils and Fats Co., Ltd. Taketoyo—machx Chita~

gun Aichi, Japan)
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