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Abstract

In this experiment butadiene rubber{BR)/acrylonitrile butadiene rubber(NBR) blends
was prepared and then the applicability of BR/NBR blends as printing rubber roller was
examined. With the aid of open 2-roll mill, BR, NBR and another chemical additives were
compounded. Then rubber vulcanizates were manufactured by hot press and maximum
torque, Mooney viscosity, mechanical properties and oil resistance of the test specimens
were measured. With prolonged oil aged treating time, BR/NBR blends became soft and so
the hardness of blends decreased. It could be explained by the swelling of rubber matrix
with oil penetration into rubber molecules. The undesirable low value of oil resistance of
BR was significantly improved by blending BR with NBR.
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dukd o 2 BR(butabiene rubber) L5 F3eol A8 7§ 24 goH J - FoliA 7h
A3 fadol g vebich £F Yrokrge] st A2 MY # ] Holun, 22
Hao) e whako] oigh A3kide] £5sic) AN Adnyd vsted AAFE F AFAE, W
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28] 2 NBR(acrylonitrile butadiene rubber) ¥+ FEltjds ojadz el dYFF
o] o3t Azt NBR 37718As &84, 22ol2, d8F 5o digt fif4del s Fan
g, UiekzA @ WAEY Fol S48 2hEal AT ddn A FEe sat
Z7teka qlth 53 ‘—H o] Bgel] 9delM NBR nFle] UEEZE SAo] A3t Af-Fol
3 WiAdS Pojdrl =3 HEHriE 27a4E YehdA sie, fEARE deAlE
488 3 .

38 22 DR ET(roller)d) £H 2= B2 9 Fo] 713 roller, steel 7138 roller, A &Y
£ roller, 71 A€ roller, 2% roller 3 <218 1% roller 5ol it 27 rollerd] AzPRlez
= casting, molding®, strip building'l ' calender building’y 5] 9t}.” &38| graphic art
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2-1. dEdzE

BR2 53%(F) Al#9 KBR 0l gradeg AME3t920 NBR-Z acrylonitrile] #ake] 419%<
JSR(Japanese Synthetic Rubber) #¥2] N220SE AH&atdd. 7luAs 73S AHEsgn, &
AAe atgledle AgEEn slaEAale 2-mercapto benzothiazole (M)
tetramethythiuram disulfide(TT}S 7 AME3AT. SEAZA T 2Ho>Abo] AL 5 ¢l o
3P AAE  26-di-t-butyl-p-cresol(BHT)E  AME3lH 2, 242 AME  high abrasion
furnace(HAF), semi reinforcing fumace(SRF)7} &7 AbgEoFHch F2AMZE  dioctyl
phthalate(DOP) & Al&-3t5ith.

2-2 Malww

P Ao 2149 BR/NBR £9= E889 A2E 13 Ed(mixing)d 23 EEog 1}Fo
i ghetd T 9A] 12 Zdo s 28 16 LY Banbury mixerE o)-&3ld 30 mm £E6A 27
2% 50°C, #Fe% 80°CE A&t eH, 1% A #(mastication)& 12 9 33 £ A9}
AFE TA TSt 423 o EFsAT 13 EHE(compound)E A& A 2447t whA] &4
t}h ololA 23 EHL 67 X 127 2 open rolldl A 1xF EEET 71F FF L ol 40°CollA] 58
7 dUsHA Fdste HF EAES AF590). BR/NBR £¥ 22 Z4H]E Table 1¢] VeERSE
o} T-1, T-2, T-3, T-4 ¥ T-5% ZZ} BR/NBRY FABE 100/, 75/25, 50/50, 25/75 %
0/100 wt%= 3t EXAIZ] BR/NBR Ed=Aolth, #HEWE A8 Rheometer(Monsanto
ODR 2000)& ol-88ked ASTM D 20847 21718t} 160°CIAH 7HREE ZAI%.29, Mooney
FEA(Monsanto RI00)E <1838l 125°CelM HEE &3goay TA AN A
oz} 7hA B4 24 E Y3 7 AlHE 160°CoAM HAE 713pAzhe At o8 71F 2.2 press
of Al A z3hsdct
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Table 1. Formulation of BR/NBR Blends

T -1 T-2 T-3 T -4 T -5
KBR 01 100 75 20 25 0
N220S 0 25 50 75 100
Zn0 5 5 5 5 5
St/Acid 1 1 1 1 1
HAF 30 30 30 30 30
SRF 20 20 20 20 20
DOP 10 10 10 10 10
S 1 ; 2 2 2

M 15 15 1.5 1.5 15
TT 15 1.5 15 15 15
BHT 1 1 1 1 1
TOTAL 171 171 17t 171 171

* Remarks Ingredients

KBR 01 : butadiene rubber (Kumho Petrochem. Co., Korea}
N220S : acrylonitril butadiene rubber (JSR, Japan)
HAF : high abrasion furnace (carben black)

SRF : semi reinforcing furnace {carbon black)
DOP : dioctylphthalate

Zn0O  zine oxide

St/Acid © stearic acid

S 1 sulfur

M @ 2-mercapto benzothiazole .

TT : tetramethlthiuram disulfide (accelerator)
BHT : 26-di-t-butyl-p-cresol (antioxidant)
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AT ANHL 2Zgd AEA(Shore-A)2 EHsHen A EL WU E7)(Instron
6012Y8 A3l 2% :'13]'9&‘:} ZA4E8 N A% DI‘ESS°1 A 83ty wHE sheetdel 15HE
ol#dy 332 Fdahe Azad ©gd Agzd, & ¥4 Afe 20mmE dx ISR
(crosshead speed)¥ 500 mm/minZ 3t 100 kgfdl Ioad cell & Abgdle] dgol galrd. %
FEe] AN ofzs} 2l

Tv = Fv/A (1)

d71H Toe WFAE(kgl/om?), Fos A8l 2AHUL 9 A 5 (kalols, A A
Hyio ¢ A (em)S vebdeh Al4g2 Alfo] Agd g9 Edol Fold Folg A} o}
oz Atatact.

Ev = (Lo - Lo)/Lo X 100 (2}

71N Eut ABE(%), Lo 27|de] 283 L2 oy Zol& Y,

W54 Algolale 53 Ws A¥HS ASTM D-412 #4%0 o/Asted vl 20mm, Zol 50
mm, F74 20010.15mm &Uch AAZE ¢ g e AFEHL 353 ANEAS Ak e
ZEds AHEe AHAL HAA T4 12mm oA 0.2 8] *l%‘s‘r‘ﬂt} *l?;“l 871 el Ad
B2 A dAel A IAHAHD A AJE F A gHE ERG H=2E 44 F
o 30~60% & FFol WA AEE dM7E HEdY de %% oj9le] 272 30x <y
of yaiatglch® ¥u) wggo] Ao ojefsl g,

(w3 - wd) ~ (w]l - 02)
aV = {4)
(0wl - 22)

A7 AVE B3I HE8(%), w2 NEE 44 27 A FV] FdAM FAllg), wee
227] Ao FFAMe FAl(g), wid B2 F9 ¥ 39 FAlg), v B2 £ w59 A
(g)E vehdc}
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BR/NBR 2= Al 2lolA NBR ¥ %] sisle] & Hd torque ¥ F%UY A& 59 23
E438 Table 29] #2354} Fig. 191 BR/NBR =70 gloiA = 4o upg Ho
torquegre] W3S etk addA & $ 9l%o] NBR n¥el o] Zvhgd =at o)
torque®] #AA= ZAgL Holti7t NBR 2T 959 49 o torque & ZE H o]HE °]

2494 71 BRAR AR dolgs e Arishe oz weEn

36

torque (Ib- in)

24
0 25 50 75

NBR(wtS%)

100

Fig. 1. Maximum torque value of BR/NBR blends.
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Table 2. Cure Characteristics of BR/NBR Blends

item/code T-1 T-2 T-3 T-4 T-5
Tmax™ 294 28.8 30.7 328 33.7
Mooney Viscosity™ 334 282 26.3 247 205
al,

! maximum torque value (Ib - in)
P ML1+4(100°C)(dn * m)

(large rotor preheating time : lmin, operating time
4min, temperature:1007T)

BR/NBR Sd=Alol| glo{A NBR 1153
gtk 2gold mole R Y BR 27 @
7o Yol F7Yel m} v FE
7ol gl 271845 H3A folge

_\2
olM
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2
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i

Bl

—o
L
o,

9] ¥Wa}lE Fig. 20 Yehy
2 %94 53 Yeluit7l NBR 3
T BR % 9=29] A48t} NBR 1
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v
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36

Mooney viscosities ML, _,(100°C)

18 L ! J |
o 25 50 75 100

NBR(W%)

Fig. 2. Mooney viscosities of BR/NBR blends.

]

BR/NBR Sdl=eo gz re & AHg =474 @& A7 ol FA4 =M HE 3
o S BHNE Table 3 ¥ 4o uehigc @9 ZA=d 1PABAS 5 o7
(indentation)ol W& Agel YEZA YIg 4 Qom, Shore A E Shore DY F FFZ 27
Ul Ay o7l e Shore AE A3t
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Table 3. Results of Unaged BR/NBR Blends

T-1 T-2 T-3 T-4 T-5

Hardness (Shore A) 63 67 69 70 71
Tensile Strength (kgf/cm®) 80 92 96 121 154
FElongation at break (%) 431 333 301 283 262
Tear Strength (kgf/em) 423 25.4 281 354 636

Table 4. Results of Oil Aged BR/NBR Blends Determined at 100C

Run

T-1 T-2 T-3 T-4 T-5

Time Item
Hardness (Shore A} 47 49 50 51 51
A8 hrs Tensile Strength {kgf/cm®) 65 75 78 98 125
Elongation at break (%) 334 258 234 229 220
Tear Strength (kgf/cm) 281 157 17.6 26.9 447
Hardness (Shore A) 36 38 41 43 43
7 hes Tensile Strength (kgf/em® 49 56 59 74 94
Elongation at break (%) 277 213 194 190 183
Tear Strength (kgf/cm) 211 11.8 13.2 20.1 335
Hardness (Shore A) 27 28 32 35 35
Tensile Strength (kgf/cm®} 12 40 42 53 67
% hrs Elongation at break (%) 205 160 143 140 134
Tear Strength (kgf/em) 10.7 6.0 6.7 10.2 169

Fig. 3ol&= BR/NBR EdE9 k8714 && AlHA 100°C2] oil FoAAM k3r7He Bl
=3tAzl AlHe] NBR %39 ©tg A=E et 94 w5isia) & A M X NBR
grapol Frigtel wet Mutd o Fristes ZRE MYk olotA 100°CH oil FellA AT
galste] w3A AH A 3 2y BB AMEY oil FoM xspA7e] @A)
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BR 1% ©E9] A2 H3le] NBR 159 deko] Zrielel meh Awtye
&S Byrh o] NBR IF%Fo| Z7tE4E Uif4de Hdd 7dste A :
ARY oil 23X 7o] Zo]AFE A AxE Z4aEE & F Utk F oil FAXMY 7HE =54
g %ol A2 A3E segag o2y T8 diHdegradation) £.900] Q‘ﬂ AlHe] A7}
e Aoz wod

B
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Fig. 3. Hardness of unaged and oil aged BR/NBR blends for
different measuring time at 100°C;

{—e—) unaged, (.o .} 48 hrs, (—»—) 72 hrs, (—-) 96 hrs

Fig. 4= BR/NBR &3 Z4o] gloiAM NBR 29 24u| & wf& Jd37Fxe HaE Yely
Aon AHE 53] SAG FFFS SHULE ¥tk NBR 2579 #Hslgkel S35l wet g1
A= HAHoE AAZlE AL & 7 dUed oA FH Y BAte F47])d 9F Fd49 H
a3 3 huREe Fobel g¥e] g Ao Huurh 223 ol FAMY kA Tle] HojALE
UAHE ol Fadhes AL ZTFEAUR oily FFof B2 A|HY g3l 7198t Aeg B
2},
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180

160 |

Tensile strength ( kg, /cm?)

NBR (Wt % )

Fig. 4. Tensile strength of unaged and oif aged BR/NBR
blends for different measuring time at 100°C;

(—&—) unaged, (.o} 48 hrs, {—y—) 72 tirs, {(—7-} 96 hrs

BR/NBR 3129 m8A7]7] %2 AW 100°CH ol T4 w8428 Zalshd w87l
MN#S NBR ¥ 39 WE 997359 ¥8E Fg 50 yehideh 94 wsistn e Ade 2
E2E9] vsE YU NBR 1T #71%0) 25 wt¥% 7x: Adznmst zasigs)
BR/NBR(=75/25)141 714 & 9395 ghe Yehiola 2 olfe N3 278 23 &
ol o, o= Morton 579} 4843} B YAk TANT 75/25% Ao) ALPEA (A4
$E YEde e ZMEUES gh9 #ugle Aoz 4ZPth ool 100°CY oil EehA 3}
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Hardness (Shore A)

25 50 75 100
NBR (wt % )

Fig. 3. Hardness of unaged and oil aged BR/NBR blends for
different measuring time at 100°C;

(—e—) unaged, (.o--) 48 hrs, () 72 hrs, (—.) 96 hrs

Fig. 4= BR/NBR E#d=Ad glojA NBR ZF 9] RAd| & WE AA74xe ¥3E ehy
Adon AHE 53 2% HAgS Ao 9k NBR 279 ko] S71gtdd ol AdF
e AAHoZ ARE AL € 4 Qe olAL FHTE Bt 474 97 449 A

8 2 lauxe Friel fedo] glg Hog AdE) Il oil Bl wFHAITHo] ZojAFE
AR E o] BadteE AL RFEAUR oile] EFd o2 AJHe] dalef 70se AoR Hy
itk
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Fig. 4. Tensile strength of unaged and oil aged BR/NBR
blends for different measuring time at 100°C;

(—e—) unaged, {-o--} 48 hrs, (—y—) 72 irs, {—-) 96 hrs

BR/NBR ZalTel w877 2 A8z 100°Ce oil FolA x=2pAzHe gejsid w7l
N#e NBR a2 3] npe ddz59 WshE Fig. 5o Jetilich. A4 =gsta] g2 Agef <l
97tz e] wWiE AmHRd NBR 32%2 #Hrbgko] 25 wit% A AEAE7 Zadds}
BR/NBR(=75/25)14 714 @& d&AAE e dehlidn 2 ojfe AA8 F7iste Z%E B
o]= ©), o] Morton 579 Agdztet Z Qe FANL 75/26¢) ZBSol ASBET HA4
e VEE AL slruEe 7aet BAEQYE Ao AZdr) olo|Ad 100°CH oil FelAM x5t
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Fig. 5. Tear Strength of unaged and oil aged BR/NBR bilends
for different measuring time at 100°C;

{—e—) unaged, (-0 ) 48 hrs, (—y—} 72 hrs, (—-} 96 hrs

BR/NBR 2 =9 nx3lA71A) & A#HI 100°CY oil FolA =aAHE Ealste =3}
ANz A®e] NBR 7ol wp& Fagel WaE Fig 60} Jehiisch 94 x=shabx @
AR B4 &S NBR @30 F7Hstd wet F48tst o] F NBR-rich 994 & A
=d olg L gL BEFNoZE NBRY IAHMEY F7lo w& AxZ7}

Z Az} olelA 100°CY oil FolA =8 AZHE i

3] &

AT
w49 RS w9

¥z rp
i

Ae
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Fig. 6. Elongation at break of unaged and oil aged BR/NBR
blends for different measuring time at 100°C;

(—e—) unaged, {-0-) 48 hrs, (—y—) 72 hrs, (— ) 96 hrs
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a4 APge oo g A3l Heg Bywse AR FF3E vehlie AR o
ASTM No. 1 0il& AHE3Ee] 100°CA 8tA1ZHE gaisted waia 7] AlH o] Ralwisd] #F 2
2Z Table 59 Uehigich BR/NBR S# =9 oil =8A@ AHE 9Uell FAFIZ dBAE
Zo} RulwWsle Fig 7o) YERIh 2gA B AxYE NBR Aztge] Frtdss &
g wal= ZAdtdek 2 BR-rich §9olAe F3] Was) ofF HatA doR&E gulstes AL
Z BR TFe ©& U4, = NBR 279 $58 Uide 898 5 k™ e 22 A
B vj2A Sujol o 24 1Rl NBR Atele] A84e] Aoz ste] NBR-rich %ol A
2T ctoz 09 Exrt 4A AFY 4 ¢l7) dFd vEd FAoE AgHn

rir

Table 5. Volume Changes(%) of Oil Aged BR/NBR Blends Determined for Various Test
Time at 100C (ASTM No.l Oil)

Test
Time (hrs) 1 T-2 T3 . T4 T-5
48 46.1 40.2 231 41 15
72 73 65 312 5.4 31
96 96.2 88 60.5 10.4 48
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Fig. 7. Volume change of oil aged BR/NBR blends for different
measuring time at 100°C;

(-o-}48hr, (—} 72 hrs, (—) 96 hrs
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open 2-roll& A3l EAH3 Q1 polymer blendgel| wlel ¢4 fE 1T BR 159 NBR

189 A¥E PavA YyrA WiFUFEE Hrtste] TUEA EJT F DY S pressZH

2R AE ARA. oJoj BR/NBR €Y= 713HA|2 P8 & A8y ui4d 2 7144
AA 59 BAS E4sd oy 22 ARE &+ Ysith

1) NBR nf#o] Z7tge] wiel Ao} torque #& AV R Zrlste 43S 2l

2) NBR 7%Fe] F7k3te] wet Mooney HEv Ashe %3

3) NBR o] 7)ol me} Fuvt Aoz F7etes 23

4) NBR 25-%o| Z7}3te] wpe} Wf-Alo] 2A AMs )

5) BR 5959 Afole vigastx %@ JF4& Jehligich sAu NBR 2799 &4
3L Foe] 359 WAL YehIE2 BR/NBR blende 944 I¥roller2A4 AMg7Hs
¢ Aem B&E}‘Q%‘E}

6) 7ta 7448 JHAE FA wEA 7= 3 Huigre BR/NBR(=25/75)9] %A H&o]qith
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