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<FE 1> EIO|0{F Solprene polybutadiene

Polymer 200 200 275 276 277
Oil type — — N* HA* HA*
Oil loading, phr — — 37.5 25 37.5
Mooney, ML-4 46 45 48 50 50
Microstructure, cis % 37 37 — — —
Ash, % 0.10 0.10 0.10 0.10 O.10
Gel, % 0 0 0 0 0
Density, g/cc 0.895 0.895 0.904 0.911 0.919

Rubber hydrocarbon, %98.0 98.0 71.4 78.4 71.4
* N-Naphthenic, HA-Highly Aromatic

ool floz —fEe s ¥ A=z e A
Masterbatch = 276 2@ 277 ¢]9 o5& £4£ 25 4
37.5 Fe BHEHEHE HHSZ Sheh
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Solprene 275 & Tread v} Sidewall o #ifs] = oFF

<E 2> E}0|0{F Solprene H{E &M
Copolymer 1204 375 378 377
Oil type — N HA HA
Oil loading, phr — 37.5 25 37.5
Mooney, ML-4 — 56 46 46
Ash, % 0. 10 0.10 0.10 0.10
Gel, % 0 0 0 o
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Density, g/cc 0.933
Rubber hydrocarbon, % 98.0
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<F 3> Suggested mixing cycles
Solution copolymers Blends
0’-Rubber, black powders 0/-Rubber plus stearic acid
2"-0il at 250~270°F % - %B}ack and powders
3’-Sweep l%Balance black plus oil
300° F-Dump 250°F-Sweep 300°F-Dump
0il masterbatches Remix
I 2 _ 1.  O0-Masterbatch and
0 Rubber,—a-black, powders curatives

1/-Balance black plus oil 210°F-Discharge
300°F-Dump
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<Z 4> Comparison of properties-solprene 200
and high cis-polybutadiene

] High cis-PBD

Solprene 200/Natural Rubber* Natural Rubber
Sulfur, phr .5 1.8 1.8 1.5 1.8
Accelerator, phr 1.0 L0 1.2 1.0 10O
300% Modulus, psi 1120 1310 1590 980 1230
Elongation, % 585 570 520 660 620
AT, °F 72 66 64 63 57
Resilience, % 63 62 63 62 65
Blow out, min. 5 6 7 8 3

Temperature, 4 min. 125 78 64 73 58
*40/60 ratio



{EERR AR 1.2phr & RS
o] #Zx Modulus s FHF ZobAsl whelA i
volA e, KAZF BBEA&=ZF 2o o BEFT B
#5  BUBIEES 9] $13he Solprene 200/FH =T
(40/60) R4ZFE HET Black-oil fl&gid FEMT
= ke <3 5> vEldle] o] T EAHES
wetd o

A& D TS BEigstd 7194 Carbon black
2 4575% 60 phr 2 A F .

BenTo ERENe A 257 ks A2

Carbon black 2 7 4 M) 1ging of whal 2
BIEHe B E 9ok o] WHE: Solprene ZOO—WA
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<F 5> Ellect of black oil ration tread wear

Solprene 200/Natural rubber* ?uagge;a
ISAF Carbon black, phr 45 55 60 45
High aromatic oil 5 1.3 1.8 5
Sulfur 1.7 1.7 1.7 2. ?5
Accelerator 0.9 1.0 1.1 0.
Abrasion index 116 115 114 103
Chipping resistance fair  good excellent good

* 40/60 ratio
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28 5. Monsanto Rheograph-356°F, preheat
60 seconds reversion of natural rubber
and polybutadiene blend
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Resilience, % 82 82
Blowout, min. 54 44
AT,°F at 40 min. 118 113
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<% 6> Properties of Solprene 200/SBR 1712

blends in passenger tires

Rubber hydrocarbon 100
ISAF Black 70
Highly aromatic oil 40
Sulfur 2
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Solprene 200/ High cis-PBD/
SBR 1712* SBR 1712¢  SBR 1712
1.4 1.4 1.3
Accelerator

Processing

Compounded Mooney, ML-4 43 46 54

Extrusion, gr/min. 120 110 105
Rating (12-best) 12 119 12
Shrinkage, % 51 54 54
Cuared 30 Minutes at 307°F
300% Modulus, psi 1020 960 1090
Tensile, psi 2850 2850 3500
Elongation, % 580 600 600
AT,F 66 63 &
Resilience, % 60 60 60
Shore A hardness 57 54 58

*40/60 ratio

<3 7>+ Solprene 200/SBR 17128 B&md]
Polybutadiene & BAAF & =9 BEHEIEES #k 2
Carbon black-oil El& ks el gl

<FE 7> ‘Effect of solprene ratio and extension
on tread wear

Solprene 200/SBR 1712 SBR 1712

Rubber ratio 25/75 50/50 25/25 50/50 100

ISAF Carbon black 75 75 95 95 90

Highly aromatic oil 50 50 75 75 40

Abrasion index 108 114 95 112 100

Sclprene 200/SBR 17129 B4 =3 o] md% 2 (B
MR EALE BEAYS A QA WEe EuEst

A Fs %er] Modulus 7} gt ] sERFBiEbo]
o Tread o) JEFEISH S = Zif] globe AL 2o
=

RS 1.5 JhE 258 oz (BEnE 1.0o=
#3¥ 2.3phr 2 WA

IEER BAES] #ikel Modulus 7} Z719 ] FEst
EHe BOE s e Eolh

<FE 8>& 3002 Modulus 7 300 psi 1gne =]
HEERS 4% BrEs 9o AL dehaz ¢

ISAF Black 2 Oil 8 B4HE 44 80 2 50 o] o}

Non-skid 7} 0.001r) EE#ER o] wheb 50 Mile & 47
Arke A2 wWEEE RBEGFTAARE 2449 4 9%
Ae Fale Aol

<# 8> Effect of variation modulus by on tread

wear

40/60 Solprene 200/SBR 1712*
Sulfur Accelerator 300%Modulus Miles Abrasion

phr phr psi 0.001""  index
1.75 1.5 700 54.8 100
2.1 1.3 00 55.3 101
2.3 1.4 1, 000 57.1 104

*80/50 black/oil levels

Modulus & <Z 9> o)A ¢ o] Carbon black 9]

i 4 Olle fHRE Fo= MY & vk
TEEHEE (N 220) 8] ISAF Black & B A Tread s

o BEFEEE 100 o] EEAA FAGE EiEN
242) ISAF Black & Tread Ests} 5% thi= grh
Modulus = 250 ¢] © &gkrh. N 220 black of il
10 phr 744 HEAE S = Modulus & 400 psi &=
Az U1 wheh Fo] EREIEHS AT durE ok

erolo] 8] FEfTHAES wAE REEHENY BEs
< 10> o ey

High-polybutadiene/SBR 1712 {§& =% (40 ¥} 60) &
BIERERE 315°F o4 @& ok

Solprene 200/SBR 1712 EfH=¥9 HE#EfEikE 94
gk

Medium cis-polymer ¢ F—3 FHEoz BHEH A
% © High cis-polymer JFfgibe]l BT 2o 2
o] fRFEMY HFolth. BANME oz BinTE
365°F oA bW sl 1 Solprene 200/SBR 1712

BA>F BHEES 9% pado.
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<3 9>  Effect of variatien in modulus by

filler and oil tread wear

40/60 Solprene 200/SBR 1712

Carbon 0Ol 300% . Abrasion
black* phr  Modulus,psi Miles/. 001" index

ISAF (N220) 50 900 55.3 100

HS-ISAF (N242) 50 1150 58.7 106

ISAF (N220) 40 1300 58.3 105
*80 phr



<F 10> Effect of miximg variations on tire

performance

Final Discharge

E:tbc?ler or Master— 211 lack p :tmug ee r_F Allr)ll('iz(lion
Solprene 200/SBR 1712 80/50 300 94
Solprene 200/SBR 1712 80/50 365 103
Solprene 200/SBR 1824% 81.5/52.5 300 98
Solprene 277%/SBR 1824% 81.5/52.5 315 103
High cis-PBD/SBR 1712 80/50 315 100

* Masterbatched with 80 parts ISAF black, 37.5
highly aromatic oil
% 82.5 ISAF carbon black 62, 5 highly aromatic oil.

Masterbatch o E#&3sl7] el Polybutadiene o Car
bon black 2 7] && BAFA Masterbatch & =&
Aol ok,
ol ghzko] AT ¥ FEHIEHE High cis-poly-
butadiene/SBR 17123} zziéfa@_o.i [F]—3} .
Solprene 200 £ o &5 B Polybutadiene ¢1 Sol

prene 277 & fEfeH JEFEEHl 5% ¢ BRI

Butadiene-styrene FLE&Y

Butadiene-styrene 3tEA <l Solprene 1204 o] #¢
I -

ol ¥ HTESM S3 BT HEEE dF
o] SBR 1500 Bt} g FiBjo] glth.

<F 11> ¢ HEgrstd T?J}EEE’J #:52 Solprene 1204
2% 493 BeHE BASY HHEENS =232
g

FZo] AL BERTE & F Fde AL RS
= A OIDL Solprene 1204 &= MisH F&Rolr Aod
Modulus 2 #Hhpr e HERBEHE Bed=2F9 a, % s}cl

Solprene 1204 2 SBR 1500 Tread =59 F#EihE
o WA= TR WY g 50/10 HAF/oﬂ
skl <GB 12> o] v

9 60/20 ISAF/oil [2 HARY

Rl

A B 9 & Modulus

mile/0. 001 1)) o) A=  Solprene
101 447 A 4719 SBR 1500 B4 2t B
58] }El /I{: Black oil 4% 7 50/10 & B &3 HMod-

L
y_;} ok,

prene 1—,—9] Tread = S R 150042 ¢t ,‘31?~§?ﬁ4’ﬁ0] =

9%k

WRES = 14 = 5 2 & Modulus
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<FE 11> Comparison of Solprene 1204 and
SBR 1500 properties
Polymer 100
ISAF Carbon black 40
Highly aromatic oil 20
Solprene 1204 SBR 1500
Sulfur 1.75 1.9
Accelerator 1.15 1.3
Processing
Extrusion gr./min. 132 115
Rating 12 i2
Shrinkage, % 40 56
Cured minutes at 307°F
300% Modulus, psi 1350 1300
Tensile, psi 3200 3200
Elongation, % 560 560
AT, °F 73 75
Resilience ‘ 58 53
Shore A hardness 61 60

<% 12> Effect of modulus and severity on
tread wear of Solprene 1204
Black/oil ratio 50/10% 60/20%
3002 Modulus, psi 1300 1900 1400 1750
Moderate severity (>>100 miles/. 001 inch loss)

Solprene 1204 107 96 104 110
SBR 1500 100 100 100 100
High severity (<30miles/. 001 inch loss)
Solprene 1204 102 98 100 101
SBR 1500 100 100 100 100

*HAF Carbon black.
#ISAF Carbon black.

EiE HAF Black <3 2 13>%
1204 Tread 352 Modulus &

{gif st Solprene
A A= TR B

Il e obFE el flavh
ISAF Black ¢ {FFst9d ul 355

B EHEHC BT BRAE
Black & Fl—3}AY BT #ER7
ged A o T FiRE

FogenR &
3]

=

Solprene 1204 & ZE 3

k=3

F B EEEIRTIC B 0}'7] v -3l ok

QrA ez oA gl 20099ty DiRS AR
B4 o4 Solprene 1204 & SBR 1500¢] [hele) 1088 3
¥ TERERIE Yebdlgleh o] BBEelA Black 2 Qil
o £4% 60 R 209 HE JBASEd z HhE o &
oo}l Solprene 1204 ¢ BnTik 2 fRpTikel 2=

F7 el
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Butadiene-styrene »$-= e # €-o]o] 9 Carcass
5o FbE 220]2 2 Solprene 1204 2 F#hz® o
Bol ol AR F2A ANASE BEZFE HE5¢ SBR
1000 & fRmste] #Hgeste o

<F 14> & Solprene 1204 & {#F s} Mooney %Fﬁ
Bl 2% 235 4¢ F dde AL ez

Solprene 1204%_— EHIL e BegzFd {Z{zs] :}
TEME, ROEEE D WSS gaRdE AL @
JAEelolo] Carcass %] o] ZBZ (%o =4
PEfgel W% Fob Athe AL TREE A
<F 13> Effect of carbon black structure on

treadwear performance of Solprene 1204
Black type*  300% Modulus, psi Abrasion index
Solprene 1204

HAF (N 330) 1210 100

HS-HAF (N 347) 1610 99
SBR 1500

HAF (N 330) 1270 100 control
Solprene 1204

ISAF (N 220) 1170 105

HS-ISAF (N 242) 1300 100
SBR 1500

ISAF(N 220) 1150 100 contro

*6/20 black/oil levels

< 14> Solprene 1204 passenger tire
carcass stocks
Rubber 100 —
FEF Carbon black 33 —
Sulfur 2.5 —
Accelerator 0.95 —
Solprene 1204 40 —
SBR 1000 — 40
Natural rubber 40 40
Whole tire reclaim 40 40
Mooney, ML-4 50 38
Mill banding good good
Cured 45 minutes at 293°F

300% Modulus, psi 1240 1250
Tensile, psi 2100 2100
Elongation, % 490 490
AT, °F 51 55
Resilience, % 69 66
Blowout, min. 8 7
2T, °F at 6 min. 120 130

I3 A Masterbatch

A Masterbatch = B&I71E Foln EFT &
Aoz He 22 {457 B, z8z &%
9 A& mASE MARKESE WA =Y e F
JiERIRC N

Solprene 277 jilijit Polybutadiene & <3z 15> o4
Rz F9 BEF High cis-polybutadiene jififEx o
Hggstal ok

Solprene 277 & iz of
B I H BA z5
ot

HEES B BRI T olA = Solprene 277 B4
ZFI BELHETel = ok

<FE 15> Comparison of oil-extended polybuta-
diene-natural rubber blends

Solprene High High

277% cis-PBD* cis-PBD*
Mooney, ML-4 82 72 63
Extrusion, gr.-min. 110 104 75
Rating (12 is best) 10— 9+ 10—

Cured 45 minutes at 293°F

3009 Modulus, psi 1440 1240 1290
Tensile, psi 3500 3500 3530
AT, °F 56 56 60
Resilience, % 66 66 60
Blowout min. 7 6 5
AT, °F at 5 min. 100 10 130
Shore A hardness 60 69 56

*40/60RHC ratio 60/18 ISAF Carbon black/oil

<FE 16> KA 9 BE5 o 9= Solprene 200,
Solprene 277 @ High-cis jfi A Polybutadiene »FZ
sk o) ok

ol Eerololff Tread 59 %] 2z o]&
2% BRI RS KAzt 2o M Ene
t}. (16% W&

ZUBIBI= o B&A EEA =5 2o Poly-
butadiene, KAz 59 BE&=$7 o EF

fEE ] g1l Solprene 200 B4 = %71 44
%% Polybutadiene 91 2 7tk

e elo] o] Tread o flolA SBR 1712 o} H&3-
Solplene 200 9 277 o] ARE BEMEHC <3FE 17>
#ErE 9ok & Mooney $5E9 yiE Polybutadiene <l

7T JEFEEDe] HEESA skdz 9

Solprene 277

o

It



<F 16> Treadwear of polybutadiene oil
masterbatch-natural rubber blend
Solprene Solprene High Natural
200* 277* ¢is-OEP Rubber
ISAF Carbon black 60 60 60 45
Highly aromatic oil 18 18 18 7.5
Abrasion index 114 118 117 100

Chipping resistance excellent good good fair
*40/60(RHC) Blend with natural rubber.
<% 17> Treadwear of Solpreme 277/SBR 1712

blend
Solprene 200 Solprene 277
PBD/SBR 1712 ratio 40/60 40/60
ISAF Carbon black 80 80
Highly aromatic oil 50 50
brasion index 100 107

<Z 18> ¢] v}ehll Solprene 277 ¥ 377 ¢ & =
9] EEHFEEHL-e Naphthenic %2 EAS Solprene
277/375 BE&znTY Tread EHEES tpited:
Naphthenic &ih& MR =571 F.
< 18> Effect of oil type on treadwear of Solp-
rene rubber blends
Solprene 277/377 Solprene 275/375

Ratio 40/60 40/60
Oil type HA N
ISAF Carbon black 80 80
Qil, phr 50 50
Abrasion index 100 100

jE Butadiene-styrene 3tE &4 Solprene 377 &
SBR 1712 8} 22 o] & Wz T MRESZTE B
# s Aotk BA&P FHel 2 st=gd= Sol-
prene 377 -& SBR 1712 ®.c} Mooney #E 7t 3
CBe Bo e Solprene 377 w% 2ok WA Aok,

A dF 4o A—EY WIEHE F7 254 =
= ER S dh d71A Vel RN HEL SBR
1712 o] H:3+e] Solprene 377 & Modulus = A ¢ ¥l &

Sz FkHE 2IF% EBTRE $olz Hysteresis ik
He H5 F4%

<F 19> Properties of Solprene 377 compafed

to SBR 1712

Rubber hydrocarbon 100
ISAF Carbon black, phr 70
Total oil, phr 40
Sulfur 2.0
Accelerator 1.3

oM E R 19

Solprene 377 SBR 1712
Processing
Mooney, ML-4 at 212°F 60 54
Extrusion gr./min. 117 101
Rating (12 is best) 12 12
Shrinkage, % 36 54

Cured 30 minutes at 367°F

300% Modulus, psi 1130 1090
Tensile, psi 3230 3530
Elongation, % 650 67
AT, °F 65 67
Resilience 58 54
Shore A hardness 58 58

Butadiene-styrene zF-o]A g 2ol FEREY &
Afrel How mIthke ©S Foixz BHBHEL
Naphthenic jiif iote 23 & woloh 7

JEREEE A B o <3 20> Naphthenic % &H
3lx 9= Solprene A =T BHFEFEHEHEA A
#) = WEE Naphthenic 2@ Paraffinic jfi A=z
F(H B 2 Aolde BT #RT A .

Naphthenic iiis FEHFHM: = FHHE ¢5 4 #F
3 Foh

20 et BLEe &{TREEA Solprene 377 9 I
e e SBR 17122 100 2.2 stgle = 1028
e Aot

ARSE wpel 7o} Solpreme 377 & SBR 3 Z&
o 2 Polybutadiene =% ¢ BESNA HHET + A
}.

<% 20> Comparison of abrasion performance
of Solprene and SBR OEP

Test No. 1
Oil .
Abrasion
ISAF Type phr .
black index
Solprene 377 70 Highly aromatic 40 100
Solprene 375 70 Naphthenic 40 100

SBR 1712 70 Highly aromatic 40 100
Test No. 2

Solprene 377 80  Highly aromatic 54 102

So'prene 375 80  Naphthenic 54 103

Pilot plant OEP 80 Paraffinic 54 99

SBR 1714 80 Highly aromatic 54 110G
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<% 21> Treadwear performance of Solprene
377 in blends with Polyhutadicne

Test No. 1 Test No. 2
Solprene SBR Solprene SBR
377* 1712* 377 1712*
ISAF Carbon black 80 80 70 70
Highly aromatic oil 50 50 40 40
Abrasion index 102 100 104 100

*60/40 Blend with solprene 200
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<F 22> Skid and Traction
Polymer Solprene SBR SBR SBR SBR SBR

377 1712 1204 1500 277 1714
Carbon black, phr 70 70 50 50 70 70

Oil, phr 40 40 10 10 40 40

Dynamic traction

Portland cement
concrete* 9 100 9 100 85 100

Asphaltic concrete 95 100 100 100 104 100
Skid resistance

Portland cement
concrete* Q4 100 106 100 92 100

Asphaltic concrete 99 100 95 100 101 100
*polished surface
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