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A o 2 AzH “oAf Belr]el 1% (liquid butadiene rubber; LgBR)” &=
Efojo] 4t4l, ETpAE AIF, =YY J3, HUE, I8, 123 AHE (sealant)
Bolo| A 7184 7}4A (vulcanizable plasticizer) & @] AFEE 2 T}, A&
AFg LaBR & Z2]tj4ll (polydiene) F+xolH, Uytqog 113 Fejmet H4
9] AR (1,000 ~ 50,000 g/mol) & 7FA]3L ek
t]al(diene) & %A (homopolymer) ¥ oz} diene 3} H]
d WS WA (vinyl aromatic monomer) @] 353 (co-polymer) = Ak

A (ter-polymers) & F/dE +% Qlth o= A4 Aol Af

A B ot} A&7 7t BRAE AR, o] 11 EE|Met fARRE

ofo
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Zd] S0l %3} 7]& (Living anionic polymerization techniques) < ©|
A E20 vATFRE tYstA Aold 4 Jlon, 53] 34 o] ulet
e 10 ~ 0% HeE 24T 4= Ak 284l Eurt F& 2R
ZIe E sho] 2 28" AAFZE (well-defined macrostructure) & A4
o}, A9 2R 22 5 (free radical polymerization) 0.2 53813
2 ] A7) =tk @do] Q). Zeigler—Natta-type 21 9] 7%, cis

=0 A} HE A 2sH=t] ARLE AT w42 (microstructure) 9
(functionalization) Z&o] o] AHFE7} AFHH oleh= T o] It

229 AU4 LaBR 9 “Plastikator 327 & 1925\ S0l A& A4S
11, 1950915 19608 FHF Atojoll= 9 Ee]H 31X (Dupont, Colorado
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ATE AJFFBIATE” 1970 ARElE ARHT oA I8 2 g39] U8z
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d styrene-butadiene rubber (SBR) 3} AH-&/d0l
953to] HIRLE HEHOIRE(T) & F7HIZCH, Holy Eolold] 512
2IA12 (hysteresis) & S7HIA A% A5S Soiskiict. o Uobt 5848
A gatele oot ARet W 48
71&0] AAA 0 7 AT} B3, & uraray Co. Ltd. A= njR/dH
LaBR 9 vl & 2 4steto] T, & A @31, 1 E2v9t 7taiks
AZ1 224 LaBR 9] nto]a#o]Ao] Zh4ghg Felstirt

Sumitomo Rubber Industries in Japan 2+ Continental AG in Germany + ¢
E] Efojo] Hul2to W2 Hld 79| LaBR & #|-&ate] A2ollAe] A
A5 (viscoelastic performance) 1+ WoteAd-S 7jA skt 51

Hirata et al. = {3t njH/de G4 17E 7 2AZA 71 £ 33
Y]

o,
re
1o
=

-

AL (natural rubber; NR) kol #8191, 7R /1A
Jo1d &A17t A S Slstgleh” Jejuh 84k tolo] FokfjollA] LaBR
A8 g e W3 717] YA LaBR o A& A& Wt (free chain ends)

o 23E 7)9lste Bl2HElA 2 A sldo] B4 0|9,

&

1o

{

=)
o>
~{
oftt
>,
2
—
O
O
w2
Em
=)
:(—‘Z‘
r
=
(@]
jon
@,
g

gt =
gt Eto]o] ARAAESE 2A7EA vl AZE flste] 71&9] 7HEEAE oAl
sto] AE)7te HAAE Algshe ATES X =
g, A7k 24409 BH 5402 Qs Avt ASHAE AHste] Elolof
rolling resistance) = 743513 2™, o]t filler
&0l 24715 EYshe Al7|7E = ek
-¥4d LgBR & 20179 R E J&3} HAL
%% glolo] Auperto HEH ArEol HuHITE™” Salort et al,, & 9]
& TEHoE eH B WA (silane-terminated) LgBR & A2|7t 41 #
- Cof 7HRAIR A3t 71E 7H QY9 tiA| 7hs 8 Belskltt O
tet &

3kl = 7k B SX vkt g2

g ol
s %
5 Mo
S
g 1o
o X
P, oft
o plot E
N rlo _%_1
T i
qo oo
e 2o
= g
o)

187|= X233 M1, 2022




2 WAE LoBR & A% 4T 21E B skt Figure 3 of UeRd v}
9F o], BgAto|= (peromde) 7H*17<11§TE1 ABgE E}EIZ—-I% o]-g-sto] HE}
U

o] hydroxyl #8715 Zt= LaBR & 53 %E} Ol hydroxyl Zﬁ‘%ﬂ% ofo] 4
AloRdlo]E (isocyanate) At HHGAIA & @te] triethoxysilyl 28715 2t

+ LaBR o] /3%t o]zigh vhg-2 2TAZ Ksgo] &]7] wjiEol A E 4
o] A o|t) B3 Hogan et al. < alkoxy, amino, cyano, sulfonyl, epoxy
groups, and halogen atoms 522 H/J¥ LgBR o] Al2]7} ZHo| Ef5t= A
g 28719t 315HA A3 AT o 7] mhitol Hike E40] B 4

2 & Ackal H gk et glok

A

1. Polymerization of hydroxyl-terminated polybutadiene (HTPB)

(a) Thermal decomposition H,0, o 2HO"

(b) Initiation MO + HO. -~ CH,

c) Propagation HO CH, + n A HOMCHZ’
(c) Propag -\ CH; n~ A

HOMOH

n+m+2
HTPB

(d) Termination HOWCHZ + HzC\/\N\/tOH

2. Synthesis of silane-modified polybutadiene

HOMOH + OCN__~___Si(OEt)

n+m+2

(Et°)35|\/\/N Wj\ )k N~ si(OE;

n+m+2 |
HTPB Isocyanate silane

Figure 3. Reaction mechanism of the silane-modified polybutadiene.”**
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aishs A tids] Fasich 18y, Al ti2e] dtlMe A 38 A
o] obd 483 LaBR = /\F%ﬁ}w_, ojof E}E} 74/\1/‘1]%11?7‘ R 2] 9l

Ssh= WAUSI 244 2 o ‘J %%JJJOL 01%-‘2— @ﬂéé}ﬂ %ﬁ}ﬁt}. E3],
LoBR of 28718 Tk RS %2 7]
H/J LaBR & E}o]o] EYE Huke-Tof 283!

(A)
Liquid Polymer—Silane

Silane Modified
Liquid Polymer

A \5\‘\ OEt

Et?-i__‘_‘_ I.%\O; OFt
(OB et . .
@.9_\}?e With Main
© ~5\
Polymer
Silane Coupling (covalent &
Agent TESPD 5\ entanglements)
3
g
oFf )
r’éét% 50?1“* - f?’s i
o
e e
Silane Modified
Liquid Polymer
(B)

Liquid Polymer-Silane-Silica

Figure 4. Possible reaction between the LgBR, silica and base polymer. ¥

Kim et al. & &o]2 SEHE ol&ato] vl o] thE A HAH LaBR

(center-functionalized; C-LoBR, o &A] 28715 Zt+) = 4T A+ 22

B IsHgIek” 123 C-LaBR & A2zt 331 HukEof TDAE oil & 4+ o

iﬂ Emﬁ}oﬁ g ﬂ‘“*o] Ao o] 240 vale G Eelsiitt. C-LaBR
A
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ot} 18]al C-LgBR 2] v & T,
TDAE Z3#E tH] Ak$- Als 2 UintE A5 5tk WHE, 22 =H A
5 52 AR AL AMAIE A= Table 1 o AIAISFATE

Table 1. Effect of vinyl content of the C-LgBR on the performance of silica filled compounds.

Types of Payne Extraction Abrasion rer{izl'lg]r?ce Wet traction | Snow traction
o : - " 0 " 5t-300
processing aids effect resistance resistance (Tan & at 60 °C) (G"at0o°C) | (G"at-30°0)
TDAE oil M B M M M M
(Reference)
9% G E E B W E
27% G E G B B G
51% G E G B M M
70% G E M B M B

E: Excellent, G: Good, M: Moderate, B: Bad. W: Worst.

—
a

-
-

C-LgBR | N-LgBR |

E;/\j\/ M

Func. group effect

—
~

-a— TDAE
—e—N-LgBR
-4-C-LgBR

—
=]

@

=

Ol

IS

~

Weight loss after the extraction (%)

=]

Silanization TTeAS T
o o ;
Silica “ Silica
0 10,000 20,000 30,000 40,000 50,000

Molecular weight (g/mol)

Figure 5. Possible reaction mechanism between the Figure 6. Weight loss after the extraction of the
LgBR, silica and base polymer. vulcanizates as a function of the molecular
weight of LgBR.

Gruendken et al. < A%t J2tEH LoBR & A2|7} $%1 Auk-Tol 283t
o] AL U th2 Agete] Jartg-S 11stdtt” Figure 4 off Lehd vl
Zol, Azt JetZEH LgBR o] Aejzh Agk 83 IR HEYT #2E
Aste] A7t WS 443 ARtk Harsteh 18a Y98 - LgBR -
el 218 AEFE 22 Jal 7150l EAE 7B et S et
+ 235 UERA AT
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Kim et al. & Fol& SR ol&sto] et ZAg= 2t nIH/Ad%H LaBR
(non-functionalized; N-LgBR &
C-LaBR, o5A] 2H8715 Zt+) < /% 9 23
£ TDAE oil o] Y25 AT 71F32AZ A&

AL EE A xR om, Eloo] EF|E TR Eo Aol dF= rlAle 24
=2 B718to] LoBR o 221 9 WA £-79 a3 FRleklt). Huket |
of| Al ofl/%] = LaBR ] &< Figure 5 o YERH T} C-LgBR & 2H-&-7]0f €]
s Alg]7} EAto] 7iAE o] W Payne effect 2 F1 A% (Mooney viscosity)
£ YEeRHITE N-LaBR & 7} Al, & AR5t TDAE oil HIpeERTE W
e} EF(AT; Ty - T in MDR), 7FIUE 74 L}E}LHO*E} HHA C-LgBR

<& AET B B/l wEh N-LaBR et Rt} 7t B 7t 5718t 7]
AR 20 A=A T2]al 7t E9] vto] dgoldE Oﬂﬂés} | 18l 7718
i ol&sto] 7R RE FEEe f7159 F& 543 21, LaBR 9 24t
ol frefste] F=%o] HAastdtt (Figure

6). At} LaBR & A3E T, & I W30 TDAE oil A E tid] A9
As 2 UrtR Aol A=A BHH, oUx] &4 549 73, LaBR 9] &
Fr Ak Yo 2 5 E] 7)1 S| AE| Al A A GOl AHiA <

E3EKim et al. & $5 Ao A 2-87] 91217} A& T B4 LaBR (non-
functionalized; NF-LqBR), THaeh WA L
LgBR), 4] ¥4} LgBR (center-functionalized; CF-LgBR), Z12] 31 oFdtt ¥A
LgBR (di-functionalized; DF-LgBR) & &0¢|& 9 214 o)z S3¥o g 3
et A7 AWE Bustinh” 83 % LaBR £ 7HRARA 245t
ol Agj7t 4 1% HukeEE Axslal, LaBR 9] 24871 1] B A4 Al 2

7]
It Ao 443 sl A E A 20 BlAle FFE ST (Table

(center-functionalized;
B stk 1gal o
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Table 2. Polymerization of LgBR with different position of functional group

Non functional- Mono functional- | Center functional- | . o) oBe
Types of LgBR LaBR LgBR LaBR (DF-L BR)q
(NF-LgBR) (MF-LgBR) (CF-LgBR) ¢
Structure M m V P T
Free chain end 2 1 2 0
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B3] (hydrodynamic volume) 7}

231 Z-8717h e E W2 Payne effect & UERRITE NF-LgBR & 7Hg Al

& AR5ko] TDAE oil AuFERTE & AT #h& Hol= W, ¥4 LoBR 2
2-8717F Ael7h 9o 178 #nt o2t 98 3159} 7tunkes Eal 5t
2 A3te B4l mek NF-LaBR th] &2 AT gt Ueigith 718 =
F& LaBR 9] 28717 W45 Astginh. J2]al ¥/3% LaBR 9 Ay AkE
ot 7t BAaTRE SAHYAA 4 GFo] A4S Belslgit) o] 2
Ih= Etolo] EFE Hoet , 73A]

H3lo] W2 B4 #3515 PR 4
S HAZT}H A A= Table 3 o] YER AL, AT UjoA] opt
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d LaBR 2] o4} #52 Figure 7 ol A8}

1o
P

2
-
N
N

o
i
riL
'
ox,
i

tt.

LU

Table 3. Effect of functional group position of the LgBR on the performance of silica filled compounds.

Types of Payne Extraction RS Abrasion R.O ling Snoyv
rocessing aids effect resistance property resistance resistance traction
P (Msgo) (Tan 6 at 60 °C)| (G’ at-30°C)
TDAE oil
(Reference) M B M M M M
NF-LgBR M M B G W G
MF-LgBR G G M G B G
CF-LgBR G G M E B E
DF-LgBR E E E G G E
E: Excellent, G: Good, M: Moderate, B: Bad. W: Worst.
7. 2RSS WY
2 Elolo] AIZolA @Fshe ] dof U npr AJeE SAlo ZjAlshs A
B2 W4 O Ref]dl IS AHgSH A7t Al 2097 24 Sk,
53] gET WA Retddd 11579 3, LaBR & AHr Al BHOERE 7]l
she slaHIZIA A EAE €0l Elolof E449 Edo|t @ (trade-off) &
A B AAEL g el 197} 445
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