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Analysis of Mechanical Properties of Colored EPDM Based on
Additive Mixing Ratio Using Mixture Design of Experimental
Method

Yoon-A Park”, Euy-Sik Jeon™* Young-Shin Kim™”, Hyun-Seung Lee™™
"Department of Future Convergence Engineering, Kongju National University,
“Department of Future Convergence Engineering, Kongju National University,

“Industrial Technology Research Institute, Kongju National University,

“**DAESUNG HI-TECH Co., Ltd
(Received 02 June 2022; received in revised form 04 July 2022; accepted 14 July 2022)

ABSTRACT

With the recent increase in the demand for electric vehicles, it is necessary to identify the high current safety of
automobile parts. Among the automobile parts, the EPDM parts required colored parts from the existing black;
therefore, it was necessary to change the basic filler from carbon black to silica. The rubber used in automobile
parts is flexible and exhibits basic characteristics of high strength and elongation. However, as the filler is changed
to silica, its physical properties, such as tensile strength and elongation, are lower than those of the existing carbon
black base. Therefore, it is necessary to evaluate the mechanical properties with the addition of the EPDM
compound using silica as a base without degrading the physical properties of EPDM. In this study, an experiment
based on the additive content was performed using the mixture experimental planning method to analyze the
mechanical properties according to the additive type and mixing ratio of silica-based EPDM. The mixing ratio of the
four additives was set using a simplex lattice design, and the tensile strength, elongation, modulus 300%, and
permanent compression reduction rate were analyzed for mechanical characteristics, and rheometer experiments were
performed for vulcanization characteristics. Through statistical analysis of the measured data, the main effects and
interactions of the EPDM-blended rubber additives were analyzed. These results can be used to derive a mixing ratio
of additives that satisfies the required characteristics of the EPDM compound.

Keywords : Colored EPDM(4H EPDM), Additive(&7FH), DOE(AE A &%), Mixing Ratio(HieHt]),
Mechanical Properties(7| A& £4)
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Table 1 Materials used in this study

Materials Grade Source
EPDM KEP960 Kumho Polychem
EPDM KEP570 Kumho Polychem
Sulfur S-80 Nexen

Acc M-75 Nexen
Acc DM Nexen
Acc TT Nexen
Acc TRA Nexen
Acc cz Nexen
Acc BZ Nexen

HlE AZE9 2 AR AAE S8l Az dAst
Aom ZIAH SRS sl A=, g, B
B2 300%, FTHE E5ES YL 7HREA
=4E fd) dery 43& sPsie. 49
olgle] SAH £4& Fs) H7HAI7F EPDM il
YFe Fo TN 2 w4 T LHsAT

2.1 Hfge| MH

2.1.1 ¥ =
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7} 2#4¥ EPDM 1FE 3 ZA A AYae
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tE| 2 7t2 8l o] EAl 314 BZ+ Nexen corp. ol A]
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Table 2 Materials used in this study

Sample | EPDM | M-75 DM S-80 TT TRA cz BZ Total

1 200.00 0.54 0.28 0.76 0.30 0.30 0.30 148 203.94

2 200.00 0.54 0.28 0.76 1.18 1.18 - - 203.94

3 200.00 0.54 0.28 0.76 - - 118 118 203.94

4 200.00 0.54 0.28 0.76 0.30 1.48 0.30 0.30 203.94

5 200.00 0.54 0.28 0.76 - 1.18 - 118 203.94

6 200.00 0.54 0.28 0.76 - - - 236 203.94

7 200.00 0.54 0.28 0.76 1.48 0.30 0.30 0.30 203.94

8 200.00 0.54 0.28 0.76 - 2.36 - - 203.94

9 200.00 0.54 0.28 0.76 0.59 0.59 0.59 0.59 203.94

10 200.00 0.54 0.28 0.76 118 - 118 - 203.94

11 200.00 0.54 0.28 0.76 2.36 - - - 203.94

12 200.00 0.54 0.28 0.76 0.30 0.30 1.48 0.30 203.94

13 200.00 0.54 0.28 0.76 - - 2.36 - 203.94

14 200.00 0.54 0.28 0.76 118 - - 118 203.94

15 200.00 0.54 0.28 0.76 - 118 118 - 203.94

S A3 Table 25 EFEAPAL W 3] 222 7H8 54 EME flet AlEYY
AAE ddzdgeld Mgy d8Se TF 99l ¢ EPDM 1% ]9 71EAS BA357] 93
2 AASAT A7) AMEES] AR5 FHS KS M 6687"%¢] we} AlH(@20%12.5mm)S A =-e

203.94g0 2 FU3A A AASIAE
22 A8 ¥

2.2.1 EPDM Hj &I

EPDM i EHE ISO 23930l TA3ke] Al = w3t
TE, A £02 A 3GAE AYPsP. £
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Table 3 Cure characteristics of the compounds

T T 1) 2) 3) 4 5)
AT TS 17| TS 27| TC10”| TC50" | TC90
Sample (Nm) I(\I/[\I?n% (II\\/JI]rlr\ll) (mm:ss)(mm:ss)(mm:ss)(mm:ss)(mm:ss)

1 [1.79]2.23|0.44| 00:33 | 00:45 | 00:33 | 02:45 | 04:56

2 1.96(2.40|0.44| 00:41 | 00:53 | 00:31 | 02:36 | 04:40

3 1.72]2.15]0.43] 00:38 | 00:51 | 00:32 | 02:44 | 04:54

4 11.97(2.42]0.45| 00:36 | 00:49 | 00:31 | 02:35 | 04:39

5 ]1.85/2.33]0.48] 00:31 | 00:41 | 00:33 | 02:45 | 04:56

6 11.5212.01]0.49| 00:24 | 00:35 | 00:34 | 02:50 | 05:05

7 11.90]2.39]0.49| 00:36 | 00:48 | 00:32 | 02:39 | 04:45

8 12.12]2.58]0.46| 00:38 | 00:52 | 00:32 | 02:40 | 04:47

9 11.90]2.37]0.47| 00:35 | 00:47 | 00:32 | 02:42 | 04:52

10 ]1.72(2.140.42| 00:40 | 00:53 | 00:32 | 02:38 | 04:44

11 ]1.87(2.31]0.44| 00:36 | 00:49 | 00:27 | 02:14 | 04:00

12 11.77(2.1910.42| 00:43 | 00:57 | 00:31 | 02:35 | 04:39

13 1.57/1.9710.40| 01:18 | 01:41 | 00:28 | 02:21 | 04:13

14 11.84|2.28 0.44| 00:35 | 00:47 | 00:33 | 02:44 | 04:54

15 11.93/2.3310.40| 00:40 | 00:53 | 00:32 | 02:39 | 04:46

1) TS 1 : T MINIARE EF7} ITUNIT S92 5 w712
Aee Az

2) TS 2 : T MINOIAFE] EF7} 2UNIT B9 2 g5 w7}
AEe Az

3) TC10 : T MINOIA T MAXS 10022 RS v 10% 7
318 w71x dele Azt

4) TC50 : T MIN®IA T MAXS 10002 H 38 o] 50% 7
318 w71x dele Azt

5) TC90 : T MINOIA T MAXS 10022 RS w] 90% 7
318 w7x dele Azt
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Fig. 1 Rheogram curves in EPDM compounds
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Fig. 3 Tensile strength of cured EPDM compounds
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