71sd FEC|AA A

LM £

ReldjalA] grAIA] (polybutadiene elastomer)= 1%
gAML E(NR) 9} A -2Elql % (SBR)
o2 AHAz gol 2dxe FYFo|ntE e
quleAe] RejdlAd] B 2E Reitd gd 18z}
(homopolybutadiene) €= A€, ojmzdz=lEed
EE U8 O3 59 378 o8 7R 7zet &
A& 7He 3F8A (copolymer)d 1RE ¥
olgldl mEA A ol F7 o kx| BeY)
(functional group)& 714+ 71%4 FEid 1EAE
ZF83H dR=an o0 ned gl uEss
A 3/4 BRI} EoloJo] EH=(tread)ut ZdW
(sidewall) & T.F-2 mox)x glov] It 324
2]~ E] ¥ (high impact polystyrene, HIPS)u} o}z @2
YEZ-2eljdl-~8la 43| (acrylonitrile-butadiene-
styrene, ABS)¢] Az F2 AMgEHm ¢lvh. 19)9)
o] 71K FFEAY Fejt)d 2REo] Zzte] 44
mel g g0 2oxm e & =9 SBR,
NBR 0] $83 #duFold, 283 -Reriql- g
A(SBS) EgEE Friad BHAE FHA YU 17 A
g WY Foll 23 AMRE T QY.

£ ZoiAe REtd ddnER i3t AutA A
L3 g 28 BAUA ATEHE 154 Beda
Al el x| A8 2} (functionalized liquid
polybutadiene)& o]&3t F-eltjdlA] gAdA|o] sl
¥R FZ(microstructure ¥ macrostructure)] w
& 543 Az o] sl Aurnx ),

2.2 B

2.1 S efciell Bl TER}H Homopolybutadiene)

2.1.1 ¥ejciol HelnExiol Rxo KA

e aRAe] 54L& n8A AlEe] vHETigd)
Je -C=C- o|F Z¥g 9% ¢ YAstd 4Ae
Uehl = mldl et A8, Balg 2 2R3 BE 5
& AMse AdTRd wel 34 23, /EHe g
FeEidd nEzks 38l 13 2o 4719 gAsEs
FHE 7pRc) &,

(1) A2-14-ZRedR

(2) E&A-14-Z8)2elt)a

(3) °|4EY 1,2-ZgFedq

(4) Aoy 1,2-ZaRe)q

YATFHA 2o wepA Feldd nRBxe] T, T,
Sol A vz old mE AMgLER tiath REr
A nEAL Tp= A, Edx PP Fa2 12-
(vinyl) =t A ojE3ch. 2 F E@E 2o)7] 94
Me B2 T, & 7FE Ao 20 B AJ&-14-
FEE 7HE Hold 2] YEE Aa/EIA-7)
=39 EgFEuddo] A%t et 1R vy
&gol W9 23 YrlmAo] Sai).

ol

| 1977 deusia 2okt gysis

' (3

1991  olz® dum zRATsw
(24}

1977 SudsdTa  2AAA7A
RBEER

1995~ Fguistm Fopet Yuey

a4 ek zag

Functional Butadiene-based Elastomers

SEdista FAN e A2FY et (Bumjae Lee, Department of Fine Chemicals, Engineering, and Chemistry,
College of Engineering, Chungnam National Univ., 220 Kung-dong, Yusung-gu, Teajon 305-764, Korea)
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H H
=L
CH,= CH—CH==CH, _— \CH/, \cﬁz
‘ (cis-1.4-)
—CH,— (IZH - H CH,
CH (IZ=C/ \
N/
CH, CH, H
(1.2-) (trans-1,4-)

2% 1. Microstructure of polybutadiene.

olg -C-C=C-C- 7z ¥ Y 3d Fod 7|at
3= TER A9 A4 g Eoltt

dytdo g el daduizh} SBR 5 Heql
FEHE X8 RendA 179 - -dHe e
7 2}

- 34

(1) 71Fe] A3}

(2) 49l 71 F3(3F Fx= AIFE F)om
|7 7tmA g + sl

(3) Tt RoH(EL 14-uA| 729 3L).

(4) 35 Bd (v, k4], Wwlnyd ) o) $4=3)ch.

(5) @34 22U FHAE Hol AV 4 Yk

R

(1) C=C o|5Za%o] 0, 0, 19 38" g
Jite] Ay P8 T lmHEE =354 §AL 93
o FPAE W=A] Fr)sledo} gt

(2) Bskra oy 2dd) 94 BEFE oFdo] Utk

FEd ¥z B¢ 24 oel oE g7y ¥
Bt 2ol iRl Ae o2 s7 £ YA
ZE& 72 v 72 geElo] gAFHAY nEAE= F 1
7} ol ZRTE, GHEA £ 7AH EYSo] ¢ o}
4. olgt A 7XNE A=Y B M E
green strength, 334, 7133189 BAld 34 d3w
=t

2.1.2 Reicioll SQiEXIo| FAMIx

A9Ed Reldd dduRas alkyllithiumo]tt
Ziegler-Natta &) 7] AlA|o] o]sle] gAZE ) o)ale]
A Aok B 290 o] 7HA S8 25l A=
© FEHQ D2 nERe] B33 E4L JehIQD ! =
¥zl wel Ao 4Tz 71X 3, Bask BEY
TE BEF 4 Wtk A4 892 e Aa-
A FAA o] R ol 73] Felridl n8As)
oAEz ARLEZ Role TEAF W ZalRel
Hdl Azl 2o)x] gou, nRA AL U By
718 e AEAEe dyAY dx ZaRelde]
8(2.3.23 A=R)de AME T Y.

¥ 1. T, T,, and Crystalline Characteristics of Stereoregular
Butadiene Homopolymers

Type T, C Lattice Tgv o pﬁfxtt}‘;
Trans-1,4 145/97° pseudo-hexagonal -106 4.7/4.85%
Cis-1,4 3 monoclinic -107 8.6
Isotactic 1,2 128  rhombohedral -15 6.5
Syndiotactic 1,2 156  helical -28 5.1
Atactic 1,2 none -4

¢ Different crystallization form.

# 2. Microstructures and Macrostructures of Polybutadiene
Rubbers?

Polymerization cis 1,4 trans 1,4 1,2 M, 108 M M, branch Tg’ T
system % % ing, g'¢
Z-N Co based 97 2
Z-N Ti based 92-94  2-4
Z-N Ni based 98 1 1 0.48
Z-N Nd based 99 <1l <05
Anionic BuLii 36 54 10 0.23 1.9 0.90 -93
Free radial emulsion 9 72 18 jall 26.4 0.30 -78

? Branching factor, g’ =[7]/[7],; E8Y5% linear T2E 7}
Kil=%

0.67 8.7 041  -103
0.60 4.2 0.54 "
46 0.78 "

R

2.1.2.1 Al&-BaRElC| 79

High Al2-Z8]7er)d(92-99% cis)L  Ziegler-
Natta Zgho)® o8l T Ni, Cr, V(Bridgestone),
Co(Goodrich) &uj] 52 Alg38led A= T i), dIF
Hl Zuf Alxglo =2 Ni(COOR),/R;Al/BF; ether
(JSR), Til/R;Al Co salt/(i-Bu),AlCl S-o] 9t} o]
9l 1987de] BayerAlolA] Neodynium Zuf(Nd
naphthenate/Al cat)¥go &2 ol &L cis(99%)=S
7= REldd 1%-(Bunas CB22, CB23)2 Algs}
3 e Eelo] Az BL¥ A9 FA4E green
strength, tack, Wnl2 4, heat build-up E4& 712t}
3 dEA Aok FWAME FEHGIEHNI &0f)
HHY 53181 (Co Zml )l A high A|2-REl]d 128
e e,

AA ElolY] AP E uiminAel  rolling
resistance®-& 1 dtd Ao Elojo] EN L A EE
BR/SBR Z#H= (5838 Elojo])y BR/NR Bd=
(EZL Elolo))E 23 gtk Ziegler Zmjo] 2)3l
high Al2-Ze|Relr)dle g0l alkyllithium Zujo
% medium Alx-ZFReltidlo] ¥l tacke] o
AL FEA HollAM ot $9% Aoz GHA ok

2.1.2.2 o2 29 Fe|feic|o®

2.1.2.2.1 Medium-AlA-Fa|SEjCiol T8

+o]& alkyllithium(RLi) %] 25l medium
(36-42%) A1, 10% ¥I'd FF& 7IREe Eeie)
dlo] Az =t FL ZAF 222 710 Ho|2& 2
FE°] 83 gel-freedt Rl TEAE HE 5+ A
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£ ool it ¥ AA-EREHdgME AR
BFd 2471 He cold flow @A) dojd 5= gl
ARAo2E Fole % WEF v HAGA tn
9l F& 7l 4t JlwEE A7 non-flow
grade® ABE 3 th o]8]§ medium-Al A-Za] e}
gade mzAd ZAEAMHIPS 5)d A=e
mpact modifier2 F2 A&}, o]9j9} SBR, NR %
I Bdll=3le glojoju} AdhgAd »o)7|x it} A4
Axoz @ go] AAUET glon dEFHoz Phil
lips Solprene 200, Firestone Diene 55 S} ¢Jt}.
2.1.2.2.2 Medium-H|'gd 3! High-td|d &2 ElC]|ol

19733 ~€jdl d&He] £Z apgu] SBR diH &=
Al Zie] AlRME medium(44-55%)-8)d EalRely
A2 713sEe §49A SBR compound®} WSt
E3] @2 heat build-up, E}o]o]¢] blow-outd) that &
FYo] £ Aoz YA Qlch. WA v e
< 28 0 2o FIE sixed Ogl 29 o)
Hd Be AE #8o] HolA4E ynlrAde 718
I skid APPL Faste FPe weoh Duckdt
Lockeo] A+ AFd ofhd u|d §3Fe] Frlsle T,
7t FAESE S| zHElAlag) skid AIHE FAHE
Ao g wusm ¢Jut’

AdA¢] medium-¥l'd E+  high-vld ZgFegt
dl m¥= RLi &wjolA] donor A7}Al(diethylether,
THF, TMEDN, 1,2-dipiperidinoethane, diglyme %)
o]1} alkali-metal alkoxide(#-BuONa, #BuORb, #-
BuOK %)& 371§ gol2 S 9J3le dojx).
olmf F3gu), FHE, A/ F([H A 1/[Li])
of ZA e wert! YutE o2 medium-vd i
Feidle] wFze 4 HulAle) 3o s 27% Al
2 14-, 31% E&X 1,4-, 42% H]2 Axolt}

Medium-¥d FEeljdl n8e 2AgjE wgo] By
Fo 2R A] ¢yl 28 SBR nRdlA] AElA ek
AN} AR7E A FHA BAR AVIEHEAAN A B L
3 Uk 22 gololily ez mg Auha,
wolo] ME, V-HE B 2oz r}l0

100% vId-ZeRE)de 23 FAHE 71X
o gL gl Eejagolth. 24 alkyllithium 7] A}
Aol 93 gole ZFguhHoz  donor HIMAIQ
bispiperidinoethane2] 7}d] 2o]dled 100% v]2-Zg)
FEUAE 48 4= JE Ao Bugm Ykt w3
E2h2Y 12-FefFelr)qle] B JSReJA 197498
B A4HJSR RB-820, RB-830)s3 =dl, Mz$
Ziegler %ud AlR;-CoX, - (PR;),-H,08 A}g-3td
dolxm, 100% 1,2-F&9 90% ol4e] NrjeeE
TZ2E 79 15-20% EAA, T, 90T, £x%
100000 g/mole] zRa} 548 717}, o] ZEAE 7]

(o T

DEXEY JlE A 8A6F 19973 129

f > f

MCREASE INCREASE
ADRASION - PAOCESSABILITY
NDEX AND WEF

TRACTION

MCREASE —»
STYRENE OR VINYL CONTENT

@l 2. Effect of styrene or vinyl content of vinyl solution SBR.

o

&9 493l 1,2-Fe] et vty T4, G

t= 534, 13%E, £ nAF A $4% 54
€ AUk Egiay 12-ZREitde Az B
|, BEF 29, F =Y (maleinized F$)9] 422
PCEil=Y

2.2 RElc|ol 3F$#H| (Diene-Based Copolymers)

FETQE o8 712 @il 258k tas B
g FoO% 4 Uk detde g aigd ¢4 o 2
Bl U8R F2ENA Bo] A EE ] QA
U AR stasislo] lo] EFdshd golxled 2H
d, otgd2VEY T8 YUY O YA 7Y S
FgAE F e

Feitd F2EA2e oL 28 RS0 29xn
At

1) z€&/2elt)d 99 238 (SBR)*M

2) 28/ Rejd 85 Z5HA

- SBS Eg|BE drjax whadx 1518

- 2Ed/FEud 24 7x] BE 3R N8

3) clzEzUEE/REq 7 (NBR)Y

4) 71el 17

- RElgd/zegd ngd0d

- FElt/2g-k /b du] 2y geal

- Z-e}r]dl /Methylisopropenylketone 115!

5) Impact modifier(ZA7} T ¥4} )

- MMA/%elt]ql/~eldl (MBS)

- MMA/¢clzg sy Ed/RE)d/~Eld (MABS)

- ol EY/REltd/ A (ABS)

F7HA 23 A, BE 359% o B 37 o] oF
71 DA 39 ¢4 (sequence) & 7IAE A/B B3
FAE A& 5 Utk Z Yo 2EAE I
ma}t TgstAl oA ole wi} zty] IR BAe]
2wz Al £5% 2Eikict

2.3. 715 REICiANA Sgx

AR 4 17 TEAY nEAES WY, A9,
7t2s 5o AP & A 1A SR 2 el A} o]
W 27ty QFEY o] Au|dolt FA At A

N

)
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H 3. Types of Copolymers of Butadiene(B) and Styrene(S)

Monomer sequence
AABABBAABAABBA
BSBBBSBBSSBBSBSBSBBBEB
BBBBSBBBBSBBSBSBSSBSSSS
BBBBBBBBBBSSSSSSSSS

Type
Random
Random block
Tapered block
Pure block

olg{¥ Mol Ut oA BAYEL Zejadd) Hlaid
Ao AdE duA sle 890 Holgit). ol
SH3e @7 wezr A4 mEA(liquid poly-
mer) ] o] A&H o g ofFo|A g}

FEICQA A nERs nEA Age olh T
met g 544 71 F da 2F TR o)A
& 7RI Jong oy 71A] e WYL Eule g
$x2 29 Utk WY D= T FEHG.
&, BV 7IAE AEAe 122} (functionalized lig-
uid polymer) 2, Za]Za|vo}*¥ gy)g Bus] 7}
212 ¢+ nonfunctional 4 1Ex2? Badr,

R ZEA7 ol dele mExe}e] BR E= SBR

LEAe] L Fsrl7h Bo AL A He By
NN E Azie] FAgeld 344, BTN =

o] ol aA walg 5 Yok

2.3.1 Nonfunctional 4} &z |3EjC|ol®

A EFEAL Zole, FolL, vy 2L =8 7
9z A A2 F oA T 2 ush o) o)t
o Az ool TR TRAE HF et o
HAE FHYE £ Joh. #4 RsEz
nonfunctional 44 ZREiAS F 40 el o).

012 A A7 MBI Za)red Az
o= organosodium 7RAIA|E AML3AY amine-che-

Q)
AT

E 4, Commercial Nonfunctional Liquid Polybutadienes

lated lithium 7}Al4] (#-BuLi/TMEDA) $¢ Al%
o AR oz AjAA e sHde] wimEe HAH) W
YO Z telomerization HY & o] g3} = E2q =

& AEolEAR AMgsld 34 HAKR EAskA

transmetallation®] 9§} AlZo]% (chain-transfer) w}:

$2 FWAA ARAZ Bl Reialg Aot oy o)
ARl B4 v olew 34 A B3 o
2 ol MRS e o4 EolRetag
% Stk B¢ of WHe AuAe PEE By

2E o7}

lo 1o

=3}
1=
i

Ay FRECS e B¥3 49e /X1 9o

(e} =
s,

B2 o8 74 e

epoxidation, chlorination, hydrogenation, grafting,

maleinization,

silylation, hydroformylation, hydroboration, chloro-
hydrin §4 $oll <l 35Hg wdo] 7153} 122627
EE E3 2 9HET) 29¢ W5z Aesis g
3, @243 R 9 gE 18 ZAdA Hrku
b-8-4 844 (reactive diluent) ZA] xolc),
.3.2 A stdA ol Za[FEajn®?®

nEA A 2o e A58 ARAE ge-
difunctional X E2}eF E2}(E2}2E< 8000 g/mol) &
deAe viae dR=y, dyay

CA

r

Y FATEE e DAY YA E vrs £ 9
ok gAY ki
o B HE o AzFPAHe 247} glon, I
33} o] free-chain E= dangling chaino] A& 33
A FHTZE 018 + Qone P4Y $-uy Sy
o 4 542 /A dyde gyA s 2AE 19

oL

Technique of

Trade Name Supplier . Microstructure M, Range(g/mol) Viscosities(Pa’ s)
Preparation
Polyol Chemische Weike Coordination High 1,4(75%) 1500-3000 0.7-3(20°C)
Huls A.G.
. . Medium to high 1,4 ;
. RLi), coEm
Lithene? Revertex, Ltd. Anionic(RLi) mixed cis/trans ; 1000-8000 0.3-80(25%)
telomers & living .
also cyclic grade
Ricon® Colorado Chemical Anionic(Na) High viny-1,2(70%) 1000-6000 7.0(25C)
Specialties, Inc.
Nisso-PB* Nippon Soda Co., Ltd. Anionic(Na or RNa) &Y }:‘gg;‘ ,yv‘)“y 1.2 1000-4000 1.0-65(45°C)
]
Hystl® Hystl Development as Nisso-PB
Nisseki LPB Nippon Ol Co. Anionic(RNa) H‘(i}; "713’;/' ;'2 1000-4000 0.8-80(25°C)
d ]
. E. E. Du Pont de L. High 1,4; trans-1,4
Budium Nemours and Co, Cationic (80%) not known
Plastikator 32 Chem‘g::awerke Anionic(K) High vinyl-1,2 32,000 10+4(80C)

¢ Grades with functional end groups available ; lithene grade is monofunctional.
4 Low-molecular-weight copolymers of butadiene and styrene are also available.
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(a) (b)

%l 3. Schematic representation of (a) conventional network
and (b) telechelic elastomer.

2244 AW, 2FH A, DA = 2AA 5
o molxm, A&HE DAZH lsted multiblock

2ZEAE UE § dE ZPEYHER o|&IIX7} 2

Functionalized Ea]Reltjdlel |4 4dd w72 s
-OH, -COCH, -NH,, -NR, % ©ét #A57|& 713
& 9lod, A iz, &ol& “living” F3Eel o
] F2 Az"ch 2ol FFPWAAME 2854
lithium 7AAJAEE o]&3ld “living” polymeric lithi-
ume] T B4 Wo] FgalAl 29k Diened] 1,4-
Tz Pk Eo)7] YsledE H|FA ©@lA fuld =
= 2354 FHAAIE Aok #itkS HelEQ 2854 A
A2l naphthalene/Na(THF)& 24 &<l THFoA
AzHnz o 1,2-FgReitde] 4d. dra
od %E 2354 /MAA(Li-R-Lh)e
precursor( |2 m-diisopropenylbenzene ET  m-
divinylbenzene )& triethylamine([Et;N]/[Li]=0.1)
ZA51 A 2 mole] sec-BuLiz} ytg-sled dojzi}. o]
ASdle F4 A7 dFgez ot vl ko] E
th. 2 24 FE7HEI7 glol 1,3-di(phenylethenyl)
benzene® 2 mol sec-BuLi®] wS-E[8heA (1)]1& A}
£3 23954 AAAY AdEHd T2 14-TEO
difunctional Z2|Reltjdl e AT 5+ AA =HAh &
A o] AMAAE A28l v]=F Dexco PolymerAlolA]
S-1-S TPEE 43tz giok’

M” e}

B 59 By R4 wE 48 7K 22 &g
BEtde] gl Ads d3e gAY o
A functionality(Z2243 Ha3%7] 52)¢ 4 func
tionalitye] ¢==7} & ZFAld] Fg3c). AdFH oz
-OH, -COOH #5718 711 dAd nEAE] F8
BHA 2x0]ar Q)

FE7 2 U] ZHo] s 2 Bey ol w

£7]1% 714 79 macromonomergl £2)$9, & @&

aromatic divinyl

DEXSD JiE A 8W6 T 1997 129

B 5. Chain-end Functionalization of Polybutadiene

End-group Initiation/End-capping method Remark
-OH (1) H0, @100-150 %' (1) PolyBD (Atochem) etc
(primary) f,=2.2~26
(2) LiRLi/Ethyleneoxide®®  (2) £,=1.9~20
in hydrocarbon
(3) 4,4-Azobis(4-cyano-n-  (3) f,>2
pentanol)53
-OH (1) RLi/Propyleneoxide or (1) Butarez HT(Phillips)
(secondary)  RCHO/coupling™® £,=19
(2) Naphthalene, Na(THF)/  (2) Nisso B1000
Propyleneoxide or CHO (Nippon Soda),
£,=1.85. high 1,2
-COOH (1) 4,4- Azobis(4-cyanovaleric (1) Hycar CTB(BF Goodrich),
acid)®® f>2
(2) LIRLi/CO,(THF or
TMEDA)** or CO, (2) Butarez CTL(Phillips)
@18 ¢ f,=1.95
Nisso C1,000(Nippon Soda),
high 1,2
NH, (1) AIBN//HfBu,AI)® (1) ,=18~19
(primary) (2) N-(benzylidene)- (2) 96%
trimethylsilyamine:‘)9
-NHR R-(©)-CH=N-@"
(secondary)
-NR, (1) RLi/3-Dimethy} (1) 85%
(tertiary) aminopropyl chloride  with
THF!
(2) RLi/(Dimethylamino) (2) Nippon Zeon, JSR
benzophenone with THFZ  92~96%
-CONHCH,CH,- Hycar ATB(BF Goodrich)
N NH® £,=19,15%1,2, 20%cis
-COOR Aszobis(methylisobutyrate)*?
=N AIBN by bulk polymerization®®
-CHO RLi/4-Morpholinecarboxal- ~ 99%
dehyde/CHOH
-00H RLi/0, with [TMEDAY/[Li] 95%
-SOH =1%
RLi/DPE/Propanesultone®®4” ~ 96%
-00CC(CH;) = PLi/Ethyleneoxide/ s
CH, Met.hacryloylchloride48

o} FEgsle] aglZE FFPAE A2 &+ Utk
Zd o8 71" $38¢ macromer’t A1BHEHR loH §
dl2A] acrylate-terminated &&]%elr]qle] glct.
2.3.2.1 Hydroxyiterminated E2|SEIC|M{HTPB)
12} OH =& 2z OHr|7 E8lfetd 4 wodo)
£ 9l HTPBE z4 vz wWhd [w32] (2);
1°-OH9} ZA$-Joly “living” &o]29 Ud B4 g
[uke-4] (3); 2°-OHe] A% 2J3le vtEo| A
E 69 AH=E d= HEAHQ] HTPBY 2454 &
vt olejolx AEA-FEQ] FFEA Y o=
daed-Herd FFEAE o] FojQ OH-=2]|E s
W AlgE 1 ¢ on, hydrogenated HTPB(Polytail,
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HO, + Butadiene —

(20%) _CH, 1 OH
CH=CH\, cH=Cch
HO+CH~ CHa~ CH, = CH-ChH,~ e (2)
CH=CH,

(20%)

H
war CMe*+RCHO —— o wann c~<:0'Mc*
R

or H (3)
wAr CMe* + CHy-CHyCHy ——= e C—('_'l*lz-+0'l5/[c1
0/ CHy

HO—=M),~—0H + O=C=N—R—N=2C=0 ——
%) ?I) 4)
—[—O—(M)n—C —NH—R—NH~—C

E 6. Commercial Hydroxy-Terminated Polybutadienes

Microstructure  Brookfield

OH index Functionality o
HTPB M, MM, s f s trans vinyl Viscosity,
(114) cP @25.(:
PolyBD* 25(allylic
R w018 oow U wow o
PolyBD? ; 2.3(allylic
RS oo TO mom a1
B .
Lolles B g 17 ggg 250l 2 5 2 580
OH)
Liguflex P° 3000 156 o715 z'zéﬁl)yhc 258 2 600
PolyBD* 2.6(allylic
RN o 20 o TR wos o5 2
Niso BIOOO . . - ILBE@-H 0 % -
Butaresf BT 200~ |, 19(2° -0H)

! 80~50 20~50

¢ Atochem North America, U.S.A, % Petroflex, Brazil, “Nip-
pon Soda, Japan, ¢ Phillips Petroleum Co., US.A.

Mitsubishi Chem. Co.)% #3d) ABolx git}t. Diene
o vl TEREAA Be 1,2(10% Hx)e] HTPBEYH
0% o]del && 1,2-configurationg 1A= T}orst
HTPB7} 4dstsln ot

HTPBE o]&AlohjolE Zsja)e}l wks4] (4)9} 2
°] xhg3le] $aek(polyurethane) BHYHE =T},
HTPB2} A4 =% HEERE functionality 2
23] M E 2HE F gJomz Ysh= EYS s)x
< BAE Az 57} U

HEHQ] o)AX|oo|E Az 2: functionality( £,)
92 oy e HPESo) 29| m Yok

f,=2 : TDI(toluene diisocyanate), HDI( hexamethy]-
MDI(4,4" -diphenyl-
IPDI(isophorone

ene diisocyanate),
methane  diisocyanate),
diisocyanate)

f.>2 : Isocyanate 143L, Desmodur N-100(biuret

trilsocyanate, Mobay), DDI(dimer acid isocy-
anate)

HTPBERE AzHs Sdg sz e 439
polyol %, polyether polyolejt} polyester polyol 7%
Blgl] B4WAE "ol wEal Ao 3T
HISol22 F4go] vi$ won] Ar)dd Sxo] o2
g ol Ut HTPBY £52& 3%)%74)9) Hiely
€ HIRSl] HAA), AMTE, AAREL B3 (encap-
sulant), sealant, o}ARE WHA] So AMRE T QU

2.3.2.2 Carboxyl Terminated &2|SELL|ol(CTPB),

CTPB+ functional 7HAIAIE o] 43 244 ez =3
Bl (5)) € COoyll 9%t “living” difunction31
ol g B wp[ukea (6)]oz A zH,

CH, CH,
HOOC—(CHz)z—CII-(CHZ—CH=CH—CH,),,—C!—(CH2)ZCOOH (5)
& &
CH, CH,

| |
+ Butadiene — HOOC-(CH,),~C~-N=N-C~(CH,),COCH
J [

CN CN

Li*CwmwCLit + CO, —* Li"0OC~wC-COOLi*

+

H o oocmeccooH  (6)

o] 7k CTPB7} 4gstsln o HTPBs} ula
THRE S L2-9TEE 7RE A HBo|1 ).
E¥  butadiene-acrylonitrile 2% = o] o]zl
CTBNE Aj3l= 3 Qo).

CTPBE ol ZAl 818 olU aziridine 7319} whe-
3t dagE ZFdo T Aydmw dyde ghdA st
BHEo] o whg-4 (7)]. o & A Az s oz 77
functionality 9} WAL 7= Ho o, ugE
polyol®] glycidyl ether 4|8, W= glycidyl ether
TAY, BY=F glycidyl amine 4213, A= polyol
9] glycidyl ethers %] 5-¢] §8o] 2t} Yyael 2
#2= Epon series(Shell), DER series(Dow),
Araldite @ ERL series(Ciba Geigy) So] glon, =
Hell M= Yt FFEr). Aziridine A3 2= 38549
MAPO(tris[ 1-(2-methyl) -aziridinylphosphine oxide)
Sol 2oz

CTPBE oAt @44 32 2AE 2349
vt 2 sojF o, IEAYE o o] &=1 g}
CTPBe] tig Fr§n 8% $8024 ol2zog
7t EE A, F olo] 9.=0{9! halato W AY T
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{
Omp— [N([ ] +HOOC-Poly-COOH  —tm-
3

(7
CHy o

| 1
2 o 1 | NH— CH—CHy— 0—C—Poly —
— Poly =C ——=0—CHy ~—CH—NH -
\NH—(]'J-(—-CH,—O—IC‘—Poly-—
o

CHy

£2 Azd 848 5 Uvh? CTPB7} Fshitgo] <
3l W8 g@-metal carboxylato ZEAE dHoz
7193 o] Ftad e FAYd AHH o= M=
F¥o] S4A7 =Y, & 1T B TEAe B
(reinforcement) 2% 21t}

2.3.2.3 7| E}

7154 44 FENY 28 YA dFE A 4
T o] ZA]-¥8 HTPB(PolyBD EPI, Atochem), isocy-
anate-terminated polybutadiene(Nisso PB-TP1001,
Nippon Soda), 438  acrylated-terminated
polybutadiene(Nisso PB-TEAI 1000, Nippon Soda 2
Poly BD R-45ACR-LC, Atochem) S Axo|x ¢t}

2.3.3 BR, SBR ¢isfjmiciol istH HY

olo] Aol A = Elolole] A 5494 rollingdl] ¢
g 3133 vibration -$Ho] A mg2 3] ~H A A,
g3 Ao AV d5Ech 2 o] FAlY AR
A d® JSR¥} Nippon ZeonAlolA functionally ter-
minated BR ¥+ SBR 387} Alg-si=lo] A o)
2ex 1

£0]& “living” mE2}e} Micheler ketone(< & 4,
4’ -bis(diethylamino)benzophenone, ® 5 %) %
enamine 3FE] vhgol] ol 3° ofRI(-NR,) 7§
Q4 o] RN FHA TR F4 7lsle]
Az18e A FIVAA IxHEAAE AT
warolth® o) 9le] BuySnCl, SnCl, $& ©|€% tin
(Sn) Ut 24 ol silicone halideE o] &3 SiE
Sues RaNse ol 3 ok wuish Py
A WA Y 9ERe s A14Hn Aok Tin-BRo|
o tin-SBRE 71AH £¥ FABRAM 71482
zdlolRlah)# £ W C-Sn 2] ZdHoz el
/89" & lenz BHA BolM felah

3.d £
PEUA nEAE EATE WA G Ax mA T
s FEPAYCl TASEE IR 248 NE B

= Rom old wE AL =20 Hee U
2o ReUA nEAel R0 a8 TR sy

DX Sn e A 8W6F 199749 129

WS 23 7154 Ferldd gz 2880 dRs
I Qich = AR nEAe] Ay U whed
5717} Bolgle AEAY Reld nEAAE o] 431
SAFE AZT F ¢lov, olu AYAY wEz} |
Az W, g #5719 *Jﬂ}— AsiA o] A
52 B8l B4A QS AT F Yot o @_aﬂ
A A= TR Hol9t T 71741&1 Edo] &

st goaw Alggwe HAE HalA € Reluh 1

2 7154 FEd 2Exke g4A SE9dE HE
A, GHAA, BAA, ofo|xr A= &Y.
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