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Studies on the Physical Properties and Application of EPDM-Polymer Blends.
Part 1. Physical Properties for EPDM-NR Blends

by

Joon Sco Kim

Abstract

The purpose of this study is to establish an effective way to utilize the application of EPDM.-Polymer blends.

First of all, the physical properties for EPDM/NR blends and compounding agents were studied.

The results are shown as follows:

1. In blending, tensile strength and tear strength decreased with increase in EPDM contents. It was not
effective more than the ratio of EPDM/NR is 50/50.
2. Elongation is influenced by blending, especially the ratio of EPDM/NR is 50/50.

3. It was found that both the resistance for ozone and aging were much improved after blending.
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BEsts = = E£FEH 7] ethylene 2} propylene o] 7] | &
o $L= 4 FERE ftife]l WEER BB A
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FlEd 2 AREGEELIDE P HEtstd BE®E
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1. # #
D FEEsy
EPDM: Ethylene propylene terpolymer (Esprene
501D
NR: Natural rubber(RSS#3)
2) Hib EawH
HAF: High abrasion furnace black (Continex
HAF)
SRF: Semi-reinforcing furnace black (Continex
SRF)

NOBS spec.: N-oxydiethylene
sulfenamide (Cyanamide)
D: Dipheny! guanidine (Soxinol D)
PBN: Phenyl-f-naphthylamine(Monsanto)
In0O: HEAK, HHRE
Stearic acid: E¥hlg
Process oil: Naphthenic oil(ESSO L-2)
Sulfur: ©] Q44
2. BERER
D BEe
AEEAA BT HEa%ke Table 13 zo] EPDM
7+ NR & #ER 422 319 .29 roll size 20cm X 63cm
o EigEE 1:1.259 ES roll & FHY = roll BE
£ 50+5°C 2 3td 93 & fife: B4 B4
ste] BBkl $EA .
O min.: EPDM(4 [ #&% ) & NRGEHET 2D

benzothiazyl-2-
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5 min. : 2/3 carbon black, zinc oxide, antioxidant,

stearic acid.

17 min. : 1/3 carbon black, oil

27 min. : sulfur, accelerator

33 min. ; 0.5mm BEEE #F 6E

36 min, | banding #5{E

40 min. ; sheeting out

Table 1. Rubber formulation

Materials 1 2 3 4 5

Esprene 501 — 25 50 75 100
RSS #3 100, 75 50 25 —
Zinc oxide 5 5 5 5! 5
Stearic acid 1 1 1 l| 1
HAF black 30 30 30 30 30
SRF black 200 200 20 20 20
ESSO L-2 00 10 1 10 10
Sulfur 2 2 2 2 2
Acc.NOBS Special| 0.8/ 0.8 0.9 1 1
n D 0.2 0.2 0.2 0. zi 0.2
Ant, PBN ' 1.5 1.5 1.5; I'Si 1.5
2) I

AelA Bad BELTE HBRIA & 480 &E
¥ o ABREREST 29 BEMHBR pres TF)
Akl 153£2°C el Al pnggee.3h3D ko) GABRe] fitsh
At

ERAE H BR
1. Mooney viscosity and mooney scorch time.

Mooney viscosity ¢ mooney scorch time & Shimazu
W BRAEHR viscometer & FHSNH . RABEHLS
120£1°C ol & /MY rotor & @A T4 9.5~12.7
m/m, Ef 45.5mm 9 KmEZT REAS AKE
Stach. el BB E rotore] 793 L#f died 5
~bkg/em? 9] BEHLE ¥y EEA # 108 78

Table 2. Mooney viscosity and mooney scorch time

Mooney | Mooney scorch time.
Blending ratio  |Viscosity) : IT°°S m‘i“'t
120°C 5 35 A30
EPDM/NR 0/100 37|20” 10”|22’ 55”| 2/45”
" 25/75 39(18’ 50”21” 50”| 300"
r 50/50 39|19 00723700”| 4700”
n  75/25 40[19’ 15”31’ 507|12’ 35”
v 100/0 42,48’ 30776’ 10”27 40”
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#HF o} 7} rotor 7} (EHEL=F switch & @z 44 &
i@ dial gauge o] WUElv}E viscosity  JIETR 2
mEE B o2 mpRe BEoE AT HE
g Lfe] dolds REME T8 5 z9x 357t &
ol#] =+ ETES £ W& mooney scorch time &2 Hilf
Esger o f5RE Table 2 ¢ 7,

2. Rheograph

Rheograph & Toyoseiki &l BEHHEEIEER type I
8] Rheometerd {EfE3s}9] 52 F7] 5mm X 25mm X 25mm
a8 RpEeF Aghs RApzdd g e
ol A AEE BRE Fig 13 oo o data:
“Table. 33 #2+},

Test temperature: 1534-3°C

Kind of disk: 17mme
Load range: 10kg-cm
Chart speed: 375mm/hr
Pressure: 6kg/cm?
1. 2. 3. 4 5
sob 0 25 50 75 100 EPDM

100 75 50 25 0 NR

Pheometer units
b (o]
< [=]

fa~]
(=}
T

10 20 3?) 4'0 5‘0 60
Time({min.)
Fig. 1. Relation between rheograph of EPDM
and NR blend
Table 3. Rheograph data
blending 0/100f 25/75| 50/50| 75/25) 100/0
Data ratio
Ti 7.9{ .5 7.2| 86| 7.6
Tmin 4.5 5.5{ 5.3| 5.0| 4.6
Tthermo 3.4| 2.0 L9]| 3.6 3.0
Tmin-2 6.5 7.5y 7.3| 7.0 6.6
tmin. |2 2725”7 2’107 440"
Tmax 56.4 | 52.2 | 40.8 | 36.9 | 68.5
T 90 50.2 | 48.1 | 37.3 | 33.7 | 62.2
t 90 6720”| 7730710’ 107|157 30”|39” 407
At 3'55”| 5’20”7| 7730”12’ 20”35’ 00"
Hok Houk

3. Hardness test

BEfEE shore A durometer & fFfiste] JESQ =
ZALRT BB WE HEsd

4, Tensile strength, Elongation, Modulus and

Tearing strength

SIRIBE FIRZE modulus ¥ F|Z5EE 3£9] Instron
universal tester & floor model & {F3}9 3 B|3EHE
£ 500--25mm/min 2 90w BliEREE RARAL 1
RS, SIZURERBAS AR BRMoE £O ZiL
Hithel SERAE A ot

5. Rebound test

KBRS Goodyear type o] AERIEE @M=
RERH S 2.54cmX 2, 54em X 5. 08cm 2718 ABEH
& ASTM-D-1054-55 2 Hikol w2t REEHESHS oF.

6. Cut growth test

PHEREZE RS Ross flexing machine & {# [ 8}
HERII A = BB HHL ASTM-D-1052-55¢] w2t 4
o] 152.4mm Ll E, 1§ 25.4+1.3mm @ 54 6.410.3
mm & MEZF RBRHS 100 oA 24p5[H (EHE(LA
714% 100,000 w5 EiAZ & 4 ET X9 RE
BE WESG ot

7. Abrasion fest

EEEESER-S Akron type abrasion tester & {FE 3%
7 REBHEL AR 45mm RE 13.5mm, F4] 6mm
9 LRI ¥z T RBA S AR 0ERE 2700
g TolA 3360MmIE EEFEA R vhE cheRel ket &
FEREE Ay,

Wy
Al=rw—wyxd

Al BEfEiRl
Wo : RERRTel R A BEE
W, BBk Rk 28
d:RBKe HE
8. Compression set test
Compression set 39 FE&K 28,6840, 02mm, F7i
12,7020, 13mm & REEH & EMEE] 7] +2100+
1°C 9] oveno 22B5f MBI # ZL8< MWEst
At
9. Ozone test
fif ozone FEE-E ozone aging tester & {F[fete] &
# 2 BEREE ol BHRES 76. 2mmXx 25, 4
mmX1.91mm 9 REH & 12.5% 2 fHi3£5+e] ozone
IREE 50-5pphm, EEE 38+3°C 9 HEpEdA % 96,
192,288 3 384F¥[R] BEH MR H = BHIWFRS 101.6
mmX25.4mmX3,2mm 8] EREBHK & beltd] Bolm
ozone JEE 301-3pphm, EE 244-3°C, P 45+5%
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Table 4, Physical Properties

Hardness Tensile strength Elongation 300% Modulus
Physical properties (Shore A) (kg/cm2) (% (kg/cm?)
EPDM/NR After aging After aging t After aging After aging
. . Initial Initial Initial Initial
blending ratio 100°C | 120°C 100°C |120°C 100°C|120°C 100°C| 120°C
0/100 58 58 58] 271 238 149 540 420 320 128 159 140
25/75 60 60 58 158 138 51 420 350 310 98 119 50
50/50 61 61 60| 75 731 50, 310 250, 2100 72 — @—
75/25 61 61 60 56 54 50 450 400[ 440 43 47 32
100/0 61 60 59 184 181 180 580 500 450 76 88 128
Tearing strength (kg/cm) .
Physical properties i Rebo-| Cut Ab~ra51on Compress-
A Type B Type index .
und  |growth ion set
EPDM/NR ) . After
blending ratio Initial After 2ging | ;.0 After aging | o/ | co/y | Initiall aging | (%)
100°C| 120°C 100°C| 120°C (100° C)
0/100 105 183 20 127 99 21 64.1 2a 136 87/48. 5(30%)
25/75 41 35 18 56 37 21| 57.4 40 48 50[43.1 (#)
50/50 270 24 220 28/ 25 19| 54.4] 230 17 1950.5 ()
75/25 28 31 29 35 39 35/ 55.9 500 15 15/59.3 ()
100/0 53 52 52 69 67 67, 54.0 20 35 38|64.9(25%)
o BBl A 48R5H EERER S A o 100°C o} 120°C 2 3hglon 343 24WR R A
10. Aging test A% AT RAB WES G .

ZALABE & Gear aging tester & Ff3l9 s BE: BLESTA REBIET A0 BLBH Mg
& EREL Table 4 9 v},

O gob
] % = ®
:. or —e— ¢, .:
2 el —X— g ! 1. EPDM 3 NR ¢} o] & E#& 355 mooney
2 | viscosity 9} mooney scorch time o] w] 2} = 45,
;‘: 50} Mooney viscosity &= Fig.2 o] 4 232 ¢} 7r¢] EPDM
§~ ol ige RBR2F7F HF @& fols] EPDM Y £o)
@ Bindel we} viscosity = EHTFH At $F{E moo-
g 3k ney scorch time & EPDM 2t KHx%7t 953
(=]
< 2 A Zom 50508 HEAAE tsts 48] ¥sdtn
) EPDM : NR=75:25% Wl & ts & w53} typ = 3
L . . L T Aoz,
) 2. EPDM % NR 9 88 08 #Z{aihe BE
=P sof .
23 o *1AE B
7 4l . P BEE KR2¥ 2t EPDMe¢] #F & fHolxn
T o—* . ,
ol Fig. 3¢]4 Hiups}h o] Ztfkd A= = @k
§§ 30 . 7b #8 A e el 120°Ceol A 24 Bl EBARS
E — [<) o =,
o . — ; ol = EPDM ¢ o] aglel 1~2d ETH
0 25 50 75 100 EPDM ?T] S Bl Bkl 4 ET
100 75 50 25 0 Nk S
Blending ratio(phr) 3. EPDM ¥ NR 9 ##5d o2 F{ise 3iE
Fig. 2. Comparison of the mooney viscosity and Bwigel =A< WE. .
mooney scorch time Bl3EMmEY EPDM o] NR | HahA #M&stA 9o}
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Fig. 3. Comparison of the hardness

A z2#v el dojA = FigdodA Riug
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Fig. 4. Comparison of the tensile strength

4. EPDM % NR 9] #EFd o2

el WX = BE,

R RHBRzF4 EPDMo] uldlv 239
EPDM o] #F EL2fEolrt, EPDMe] #EHd oz
Aq A fpRZEe #BL= £33 o)z %3 EPDM :NR
=50:509 # 74 L& HRE RoAFd IE E
fbtgel = Fig. 5014 2Eule) 7te] A9 ul &3 i
L2 ETHx2 gl EPDMo] BEIASE ETHRY
B ForAE 2AE & & Arh

5. EPDM 9 NR 9| #go] o2 E(hiiEd 300%

modulus o} w©} X = B#s,

Modulus 3= Fig.6 o] A Xzube} 7o) F{kafel Hal
A 100°C el 4] ZADRAL EHTF Foba 2t 120°Cql
A ZAEAD AL K2 dolz z %3] EPDM : NR=
2517550509 k. S 5050 A= = 300%
modulus FiEe] RFTEESIY o).

ZALRIERS ik

Eed Fouk

—&— initial
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—a— after aging(120°C)
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S
= 400F
.2
& 300
ko
B 200t
L ) I o L 1
0 25 50 75 100 EPDM
100 75 50 25 0 gBR
Blending ratio(phr)
Fig. 5. Comparison of the elongation
— ~e- initial (100°C)
& 200} —x— after aging
i -~a— after aging(120°C)
3
< 150}
=
= 1004
=]
=
R 5o 2
<@
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&
i i ) [l 1
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Blending ratio{(phr)
Fig. 6. Compariron of the modulus at 300%

6. EPDM 2 NR 9 #&0]
BE v X FE.

SIZ5EEE = EPDM Epge] NR BB Hsho] Mg
3 dojAm AR BHle RBERe FigldA 2
=8t o] BEY #HFRJ EF 7% st A9
<3 Hf-E Vel 9. =3 EPDM & blend 3}
EE2A GIHBEE HENA diAE HEs ey
. FfE 100°C oA B A%E 2 ETH #
Dot ot 120°C ol A ZAD AL BEsA ETH
vk, =2 v EPDM : NR=50:50 e Z{vi%e
ETZHEL @Ehsty

7. EPDM 3 NR ¢ #gd =&

= ®E,

R@mrte NRo| EPDM 2t} 714 Figgoa &
=uhe el EPDM o] BB IE4E REEHEs o}
A e},

8 EPDM % NR 9| #gd w2 EREE n)

e g,

UK EZE L EPDM B&s NR BE 33 B—s

% EPDM :NR=25:750d & &£ BEdde i

g Zihaigel 51%

REEE P =] )
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Fig. 8, Comparison of the rebound

el & ZRIT ey 5015099 = BEEsA K
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9. EPDM ¥ NR ¢ %o o2& Zaike) mie
el =X = A
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~—®—initial

2 -

125 —X— after aginz(100°C)
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Fig. 9. Comparison of the abrasion index
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Comparison of the tearing strergth

¥ EPDM o] 8295 Ml BTz &
feteel = Fig9olA 2iwret o] NR HEY 4%
A ET= 92 EPDM o] Edo =t @—
AV =2 238 ET #EsE HRe Jebdch
10. EPDM 2 NR & @& o2 EfkAE
e PE
BfikA&Ee Fig.10]4 2 utet ze] EPDM o]
BERITE Wik AAE HEs el
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Fig. 10. Comparison of the compression set

11. EPDM 3 NR 9 &) =2 fif ozone fe] v
e BA

fit ozone #:2 EPDM o] NR o] Iste] jgassiA %
27224 EPDM o} B84 wet i ozone ¥o] B
EoA HEHE AL ¢ 5 Arh

photo. 1 2 Table 594 R=u}&} Zeo] EPDM of
25phr 5} blend = o] = FBHRRERT A 2888 RIA & &
% REE d2s BHHRIAE Bk gl ¢F
ek, ohek BRI 384R BEHA & A EHTF
crackingo] 471 A& & 4 IAch ¥4E 50 : 50 &L
TellAE 28 RBEo] 912+ EPDM blend o] {43t
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Static test-

“ Dynamie
96hrs. ~ 192hrs. 288hrs. 384hrs. test

EPDM/NR

0/1C0

25/75

50/50

75/25

100/0

Photol Results of ozone test

#3] i ozone ko] HEZEHA M EXE AL 45U o] HigsA ETHES 43 EPDMe] s0phr N E
Qe oS FaA vebdel
2, {hEEzZe EPDM : NR=50:50 g4+ 74 HH3}A
1. EPDM o] 8B =2tA BIERES 518BE  ETH" 25:75% 752549 = ¥i<¥ @HELT vt
71
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Table 5. Ozone resistance of EPDM and NR blend.

Static test

Ozone test
Dynamic

m 36hrs 192hrs‘288hrs 384hrs| test
0/100 E-3| E-3| E-4, E-4 C-2
25/75 A-1| A-1{ A-1{ B-2| A-1
50/50 A-1] A-1} A-1] A-1 A-1
75/25 A-1] A-1]| A-1| A-1 A-1
109/0 A-1] A-1} A-1 A-1 A-1

¥ Criterion of judgement

Number of cracks
: No crack
: Less than a few cracks
: Several cracks here and there
: Many cracks
: Countless cracks (all over the surface)

moOwe

Size of cracks
: No crack
: Barely seen by naked eyes
: Small (~1mm)
: Medium (1~3mm)
: Large (3mm~)

[ I R R

Wk

3. Mt ikel oA+ EPDM & ERsZZA B
254 1A k¥ 43 EPDM o] 50phr Ll kol =4 &
BAAE & BEE WA e

4. EPDM ¢ BHSE2A i} ozone #ho] #AESHA
1] k= =9 EPDM 25phr #Ewt EFIst fifozone &
W ERSA Qo= #4538 FIHF S

5. EPDM 3 o} & polymer $}o] i (&)
2A A0 B HFENLE FFE ¢ A&
o] A
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