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Abstract

Journal of Oil & Applied Science

Effects of three different types of dispersions and flow improving additives composed

with fatty acid esters, fatty acid metal salts and amide compound on the vulcanization and the

mechanical properties properties of rubber compounds of EPDM and carbon black as fillers. were

investigated using Mooney viscometer, moving die rheometer, hardness tester, and universal test

machine. The aging characteristics of vulcanized EPDM compounds were also investigated.

The Mooney viscosity measured at 125 °C showed a tendency to decrease in the order of amide
typey metal salt type > ester type additive. Scorch time showed little or no difference with the

addition of ester or metal salt type additives, but the amide type additive shortened a scorch time

more than one minute. Rheological measurement data obtained at 160 °C showed that the

vulcanization time was faster for metal salt type and amide type additive systems. Delta torque

values of EPDM compound increased with metal salt type and amide type additives, but slightly
decreased with ester type additive. The tensile strength of the EPDM compound was greatly

improved when an ester type additive was added, but the amide type or metal salt type additive

had no significant effect. The elongation was significantly improved for metal salt type additive,

while the rest were not significantly affected. The tear strength of the EPDM compounds increased
with the addition of all kinds of additives, and it increased remarkably in the case of metal salt

type additive. Hardness of the EPDM compounds was nearly same value regardless of additive
types. The thermal aging of the EPDM blend at 100 °C for 24 h showed little change in the case
of metal salt type or amide type additive, but the elongation tends to decrease by 10-20% for all

EPDM compounds containing additives.
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Table 1. Compositions and specifications of EPDM and additives

Materials Grade phr Source
EPDM KEP281F 100 Kumho Polychem
CB SRF(N774) 100 OCI
CB FEF(N550) 50 OCI
ZnO ZnO (#1-SB) 5 Hanil
S/A St/Acid 0.5 Natoleo
Oil P#6 20 Sungwoo
Sub-Total 275.5
Sulfur SMidas 101) 1.2 Misung
Acc BZ 1.2 Samwon Chem
Acc TRA 0.4 Samwon Chem
Acc TT 0.4 Samwon Chem
Acc DM 1.2 Samwon Chem
Total 299.9
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Table 2. Characteristics of filler dispersing additives
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Sample BL E8A E8B SAF SOF S60 Al13 Al4
Additives - 908A 908B EF44 909F 960 DBM [S/A + MEA
flow q q
o _ | Dispersing [ Dispersing | promoter | Dispersing [ Dispersing ow ow
Application Agent Agent + Agent Agent | promoter| promoter
dispersing
Chemical _ _ metal metal . .
Stucture ester ester | Zn—soap S0ap 503D amide amide
Softenin B
point (°C 63£5 55+5 95 100£5 88+5 95+5 95+5
Manufacturer| — | Dongeun | Dongeun | Strucktol [ Dongeun | Dongeun [ Dongeun | Dongeun

* Additive amount: 3 phr.

ethylene H|-&o] 67%°]H FYHAZ(ML..@12
5C)7F 8391 KEP281FS Argsiqtt 7H2EH e
OrionAte] N7749} N550, 4L A9L9] P#6
Oil, 7t EAAZ Natoleo?] stearic acide} s+l
o] Atstotdd #1-SB, 7tuAR n|AdEAe] 43}

Aol BZ(Zinc  dibutyldithiocarbamate),
TT(Tetramethylthiuram disulfide), DM
(Dibenzothiazyl disulfide) o TRA

(Dipentamethylene thiuramtetrasulfide)& A8
.

2 o] ARE 24t 9 587
£ (PE-23kste] 908A, 908B, 960 ¥ DBMI}
StrucktolA+2] EF44 L A Hop Ak
MEA(monorthanol amine)®] 2%&E & 652
A8
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Z2 A7HAIE AQstie EF U A4S
ZFA 3L ik, ol=et it o2 ZAE Hjgh
& Table 30 Yehd Hie} Zro] wjste] &35t
Ao w2t Zgksidnh = 12 &5k wWylA]
S3t71el Yvt(kneader  mixer, S=rld],
KDK-D=2 Fdst9e 22 &2 "o

= 8
L (@A7IA)E AFESte] Table 3o yepd wf

(140mm x 140mm x 2mm)<} ZHAAIZ1A,
HHP-200)E ©l-&5to] 160 °CollA 2027t 7+
sto] Az

Table 3. Mixing condition for EPDM
compounds

Ist Mixing procedure

. Time
Mixing (min)
EPDM
1| (Kneader Temp : 105 C, 36 0:00
rpm)
2 | CB, Oil, ZnO, S/A, Additives | 1:00
3 Ram UP &Down 2:30
4 Brush & Sweep 4:30
5 Brush & Sweep 6:30
6 Dump 9:00
2nd Mixing procedure
Mixing Tlr.ne
(min)
First mixing compound
1 | (Kneader Temp : 80 C, 36 |0:00
rpm)
2 Sulfur, ACC 1:00
Brush & Sweep 0:30
4 Dump 3:00
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Fig. 1. Typical rheogram curve of EPDM
compound.
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Fig. 1. FT-IR ATR spectra of ester type
additives: (A) E8A , (B) ES8B.
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Fig. 2. FT-IR ATR spectra of metal soap
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Fig. 3. FT-IR ATR spectra of amide type
additives: (A) Al13, (B) Al4.
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3.2. GIABIZA H7IRO| ©E EPDM
EEel S

3.2.1. m|7}5% EPDM HigrES] RUAE

FUHLE=E derdoez 100 °ColA g 1&
o 29E AF F 48 Fo| uprlgnnol 3
T2 ML,(1000)2 ZAHED XS oS
O] Table 4o Webd ML % ML= 242
BUHEA A 5 187 28 59 UL g
ojtt. At oAH=E FAHE #E 9 Herhg
EAAE 3 phr(parts per hundred rubber) 37}
ste 7% "7l EPDM HigtEt H|wstod
FUHEEE E8A AE B¢ 164 Hopxlon,
E8B AE0] A% 14.6 Worklrh. i % AT
UAEAE 10 A% g2 Holi gtk ol
¢ Av= o2HA H7HAC] Eddom st
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e Hel F: Fuolth 3 ESA AEw
ESB AZol A48 d7HAle] Aol shadel,
= dstgel Aol FULEAE 18 2 9%
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Table 4. Mooney viscosity of unvulcanized
EPDM compounds containg ester
type additives

Sample BLO E8A E8B

MLj+4 154.7 | 1383 | 140.1

< z| Initdal | 212.5 | 186.7 | 1845
S8 8 |Max-Min| 57.8 | 484 | 444
FE[ ML | 1729 | 1539 | 1559

ML+, 161.3 | 1444 | 1455

3.2.2. EPDM 1%9] 711 &

At adE FHE BE 9 datg
AHAE 3 phr 715 EPDM HigH=o] oigt 7tw
A EAE Lot B7] fiste] 125 °ColAd FUH
EA= 232 g4y Jtw A5E 545k
Table 51 Wepigleon 160 °CollA #zn]eE
T 7t 542 SAste] 1 A3E Table 60
LR 1Tt

2FAAZHes) HA FUHEZNA 5 7Y
ool T HEt AsctdS ® 7 ARl Al
Zto 2 o] ts Fo] AW prevulcanization 743F0]
Hegs YUeie 7RIy el o% 1%
7Fgol Hrt golgs ou|ste Zeolth19]. T
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59t 59 AR Apoldl A302 THRAIG
(Vulcanization index)2 ©] o] Zrom 17O
Ztwzt o e AYES om|gict,

Vulcanization index, A30 = t3s — ts

HA9] 7} A|7Hoptimum vulcanization time,
top)> Th=2] Aol oot AHEM, A7|A tyy
ZE7} 45E F A FUHEDRE =
o 742 A= AZRE YERdAT

wek rr

top = (t5 - tMV) + 10 x 430

T2¢F T3 ME9 B5= AHE ¥4 o=
ASHT} AFAEAT 7RAS BE ok 27}
stgon o] JlwAze oF 122 Az 7

o AieY.

Table 5. Scorch and curing properties of EPDM
compounds by Mooney viscometer at

125 C

Sample BL ESA E8B

t (min) | 05:53 | 06:08 | 06:10

o [ s (min) | 09:05 | 09:27 | 09:34
?; A30 (min) | 03:12 | 03:19 | 03:24
= Vnitial 167 146.7 147.8
5 | twv (min) | 03:52 | 03:54 | 04:02
S Vi 1242 | 1103 | 1125
tp (min) | 34:01 | 35:24 | 36:08

Table 60 WepH HEe} o] 160 TolA e
njel2 =43 EPDM HietE9] 7twE4 At
ANXEA H7HIE SR AES A tso wel
719] WSkA] ook 71 tso> £3F THuES
=7 7P e AH7MA Egeked dast
AlZEoIH, o> ZhuREGe] 7S] mhREEE Al
e ouRith HeEL(UDE dlend 534
oA HHEA(TweE 2a EA(T)] #elz
Zh el vttt o AHA H7H Reew
dEESE ot Yole Ade Hiouy 1
Aol A 3t

EPDM 179 7Hilel we 745 9 24 mls 9% 97 7

Table 6. Cure properties of EPDM compounds
by rheometer at 160 C

Sample BL E8A E8B

tio | 0:01:50 | 0:01:49 | 0:01:50
o | tso | 0:03:00 | 0:03:02 | 0:03:04
g? too | 0:12:20 | 0:11:00 | 0:12:33
SE | Ta | 476 43.8 45.1
s T | 118 10.4 10.4

AT | 358 33.4 34.7
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Zo A% HA/MAE FaotA &2 EPDM Hig
2o 05]8 %37 F ARAEI} 20 kgi/em?
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7Fe & reversion®] ¥ o g <Qlsto] EGA ME
o] A% 10% o] #4&S Uehfgin ol
A7 3HeskAl 42 EPDM HigES] A$
160 CollAl 2089 7Hf xHo=zEs &gt 7t
F7F dojufA] ¢kokr] wiRolot, ERE Fig. 5]
urebdl wRel o] 13t AF o] HAMAE RSt
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Ol

%

rH o

37 B4sH= ATFE BYrt dutdoz 7150
7V ZA 52 Hrlotd TS Yot A=
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7S] B 2

s}Zo] wle F AME Kol ik oyt L3}
o _

A5 AEFEe] Heh=

A7HA] frell gl
Btk EPDM HigE
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ste dl olAe] Az #4tHA] god Z1AH
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Fig. 4. Tensile and tear strength of cured(black)
and aged(grey) EPDM compounds.
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Fig. 5. Elogation of cured(black) and aged(grey)
EPDM compounds.
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3.3.1. "]7}% EPDM 179 Ry A

chgRt AAte] g459er 49 HE o
Ag7HE ZAARD H7HIE 3 phr H7bSHE
78 Table 7o uErd #HRel o] w7l
EPDM wigh=3} Haste] FUHZs 89904
1 16.8 F= Hopxion], el HAFUHE
A 10014 12 = daees Holal ok A
kel ofdd S et SAF AEat S60 MES
Hwote o FUPETE 7.9 A& o7t @
B o= S60 AES] A= AAt ofdd
TS A7IRE ZolH, S4F MEo] 9= SAtellA
AzxEo] AdEE AFoz SE/NAAR A2
H7H Aol EAISH] Wi os whE

b

Table 7. Mooney viscosity of unvulcanized
EPDM compounds containg metal
soap additives

Sample BL SAF SO9F | S60
MLis | 1547 | 1379 | 138.3 | 145.8

= | Initial | 212.5] 1853 | 183.8 | 191.8

8 8|Max-Min| 57.8 | 47.4 | 455 | 46.0

2 & MLy | 1729 ] 153.5 | 152.9 | 162.0

ML+, | 161.3 | 1435 | 144.1 | 151.7

3.3.2. EPDM 1%9] 7la EA

Aol F4AA B4 H7HE 3 phr 7t
g EPDM HiRtE9] AFAAZ} 7HRASE
125 °CollA] =73to] Table 8ol WER{SIO™,
160 °ColAel 7t EAL #HlenEE 5oto]
Z75to] Table 100 YebfiSitt. Table 9o W
e diet Zro] H7HAIZE gl wiet Hlwste]
S et 2E EPDM HIZE A9 AF
AAZE 2ol 10% o|UE Aol ®Wisk glgle

BA AA—

Table 8. Scorch and curing properties of EPDM compounds by Mooney

viscometer at 125 C

Sample BL SAF SOF S60
ts 0:05:53 0:05:45 0:05:47 0:06:03
(éj t3s 0:09:05 0:08:38 0:08:39 0:09:03
§_ N30 0:03:12 0:02:53 0:02:52 0:03:00
= Vinitial 167 150.9 147.3 156.3
g@ [SYAY 0:03:52 0:04:00 0:03:52 0:04:12
Q VMin 124.2 111.7 111.3 118.6
top 34:01 30:35 30:35 31:51
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o 59t 1359 AE Aol HRAISE 202 Fk
o] Wshgt BTt

125 °ColA 2] #&9] 7hIAZES A4t
£&dA B4 H7HAE et EPDM HiEHE
uF@7te] Hls] 38 ol Aot ol=er A
£ A4 o AHEZA H7HAe] 9ot vlwste]
7¥ & 2poldoltt

Table 9o Uepdl Hiel Zro] #ouHz =4
3t EPDM HiI&-E9] 160 °ColAe] 7t B4 2
I Agate] FEEA BAF AVMAIE EREt
EPDM HigtE9] AL &7t 7lwdke &&71 7}
2 wE AG7kA] EEsher Bash A7R ts
S60 AES Aelstare & Afole ohA|nt
102 J= gotx Qs|e 7turt w2 sgd
Bk Egh rtudxet Hlgsts detEa
e AWite] F584 248 W7HAHE &5
EPDM HjgEo] 23 F7leton, ol 7}
Uert o =SS UErlE Aol
T3 A o AHEA HrbAe]l Ag-ef H]

O Bl Qo 12 ro
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7129 Zn-KEA 4tA9 B9+ delztet A
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Table 9. Cure properties of EPDM compounds
by rheometer at 160°C

Sample BL S4F S9F S60
tio |0:01:50(0:01:46/0:01:46/0:01:53
tso | 0:03:00{0:02:50]0:02:52|0:03:05
too | 0:12:20]0:08:42|0:08:58|0:10:24
Tu| 47.6 46.8 46.8 48.1

To| 11.8 10.1 10.4 11.3
AT| 358 36.7 36.4 36.8

(Do091)
190WO0a Y

3.3.3. EPDM 1%9] 7|43 43

Fig. 6 vrebdl wiel o] 160 ColAl 2023t
7FRR AgAte] S59A 24t d7HIE 3 phr
A7rstele 3% mA7ke] EPDM ujghEe] Hlst
o Fdi P Fre Wt qfled, Hd A
&2 15%°14 30% A= F7stant. Axel 74
= 82-84%2 F WSk Hol] ofolth Jefyt

Fig. 70l Wrebd wiel o] 100 °CollA 24 A3t
EoAFl S| Ae A=A 12% HAE F

gHE vd7t EPDM HighEe] Hlsf kot A%

[ Before asin:
[ Ar az;
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1 e1zmu%
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=
o 150
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=
e 100
:
¥}
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50 (—BT;;ﬁ) (-7.89 %) (0?03':‘)
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Fig. 6. Tensile and tear strength of cured(black)
and aged(grey) EPDM compounds.
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Fig. 7. Elogation of cured(black) and aged(grey)
EPDM compounds.
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Table 10. Mooney viscosity of unvulcanized
EPDM compounds containg amide
type additives

Sample BL Al3 Al4

MLi+y4 154.7 134.9 137.1

Initial 212.5 176.8 182.9

Max-Min | 57.8 41.9 45.8

K31SODSTA
KauooN

ML+ 172.9 148.1 150.5

ML+ 161.3 139.5 141.7

3.4.2. EP(DM 1129] 7} E4

A|pato] outol=A M7 AE 3 phr IS
EPDM i&E9] AF2ARNL 7HRASE 125
°CollA] ZAsto] Table 110 Ueriglom, 160
°CollAe] 7t 42 HenEE Fote] Z74st
o] Table 129 YetHSITE Table 110 Yebd
Hiep Zro]l HI7HAIZE gl 799t Hlwste] 47t
Ag TR RE EPDM HiEE 99 ~A37
AR 17 oY HEtHES Btk ole 7t
Ale] ofmto]l=7]9} EPDM 150 Ex3} el
& Atole] stEhghgo] o] r] wjEo= et
==y

125 °Colqel A9 7HRAIRML)E w37t
EPDM HIGHEC] 34Fc] H]s] 1024 15 &
ol Wbyt ol do] AAE o AEA W
24 FE5QA A7 vlwste] ghds] oE
Ase Bl T Aol

Table 11. Scorch and curing properties of
EPDM compounds by Mooney
viscometer at 125 C

Sample BL Al3 Al4

ts 05:53 | 04:50 | 04:30

o tas 09:05 | 07:05 | 06:18
S| a3 | 0312 | 02:15 | o1:48
0 Vi | 167 | 1458 | 1515
S tw 03:52 | 03:20 | 03:15
S Vum 1242 | 1136 | 116.4
top 34:01 | 24:00 | 19:15
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Table 12¢] Yepd uie} o] gomgz =74
3 EPDM Hi@HE9] 160 °CollA ] 71 EA 2
¥} ofutol=A BEAF HIMAIE Shet EPDM Y
B AL £t VMRS £ TP wE
A7tA] eshed] Hagt A7l 2 28R
A7HAIE RskA] &8e EPDM HIGHE AZ29
Hl 35%0A 50% AL Zold @35y A7tw
7} A AYEE Bk a8y 7w et H|
st detE(4T+ H7HAE oA &2
EPDM HighE 9 QoA HolE W4t o A
2A9t F4594 H7HAE TR EPDM 8iEdE

i 70] A ke erlet

B

Table 12. Cure properties of EPDM compounds
by rheometer at 160°C

Sample BL Al3 Al4

= t1o 01:50 | 01:33 | 01:25
8 t50 03:00 | 02:25 | 02:10
% to0 12:20 | 09:39 | 08:46
- T 476 47.1 455
3 T, 11.8 10.9 11.4
e AT 35.8 36.2 34.1

3.4.3. EPDM 159 7|44 34
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7FR3E optol=A E4F HZHAIE 3 phr 7St
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Fig. 8. Tensile and tear strength of cured(black)
and aged(grey) EPDM compounds.
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Fig. 9. Elogation of cured(black) and aged(grey)
EPDM compounds.
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