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Research Subject: Because of the widespread use of rubbers in different
industries, estimating the rubber material properties and its lifetime are very
important in design procedure to assure the quality and safety of the rubber
components. In this study, the properties and useful lifetime prediction of
EPDM rubber parts used in the production of sealing gaskets and sealants for
GRP pipes were investigated and the effect of adding silica nanoparticles as
well as Si69 coupling agent on these characteristics was studied.

Research Approach: In this work, the samples were tested under acceler-
ated aging conditions and aged in the temperature range of 25-90 °C until
60 days. Then time-temperature superposition was carried out on tensile test
and compression set results using Williams Landel Ferry (WLF) model to
estimate useful lifetime of the samples. Tensile test was conducted under
ISO 12244 standard and compression set test was performed according to
ISO 815 standard on rubber samples. Aging effect on samples with and with-
out silica was analyzed with FTIR. In addition, scanning electron microsco-
py (SEM) and transmission electron microscopy (TEM) were performed to
observe the dispersion condition of silica nanoparticles in EPDM samples.

Main Results: According to obtained results, TEM images showed no sign
of nanoparticles agglomeration within the samples due to presence of Si69
and SEM graphs depicted a uniform distribution of particles in the matrix.
Using time-temperature superposition principle, the lifetime was estimated
about 63 and 35 years at room temperature for the rubber samples with and
without silica and Si69 coupling agent, respectively. It was observed that
the presence of modified silica nanoparticles improves the mechanical and
thermal properties of EPDM and also increases the useful lifetime of this
elastomer.
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Figure 1. Rubber seal for GRP (a) and PVC (b) pipes and couplings
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Figure 2. Schematic diagram of EPDM rubber compounding and processing
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Table 1. Physical properties of the EPDM rubber and nanosilica (a) and EPDM compound formulation without (b) and with
nanoparticles (c)

ENB Content 4.5%
Mooney Viscosity 72 MU (ML 1+4)
Specific Gravity 0.86
Ethylene Content 62%
Particle Size (Nano-silica) 11-14 nm
Purity (Nano-silica) 99 %
) ©
Ingredients Content (phr) | Content (%) Ingredients Content (phr) | Content (%)
EPDM 100 45 EPDM 100 43.9
0Oil 555 25 Oil 55.6 24.4
Carbon 61.1 275 Carbon oLl 269
St A o 05 Si69 2.5 1.10
Nano-silica 3.0 1.32
“n0 2 ! St. A 1.1 0.49
S 0.55 0.25 Zn0 22 0.98
MBTS 1.1 0.5 S 0.6 0.24
TMTD 0.55 0.25 MBTS 1.1 0.49
TMTD 0.6 0.24
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Table 2. Results of tensile (a) and compression set (b) of EPDM at different temperature

@)

T=25°C
test Aging time Tensile strength | Elongation at Hardness Modulus
(day) (MPa) break (%) (shore A) (MPa)
1 1 12.30 730 56 1.74
2 3 12.25 719.75 56 1.73
3 7 12.16 175.5 56 1.79
4 10 12.10 713.95 56 1.85
5 12 12.09 707 56 1.88
6 14 12.08 694.68 57 1.95
7 20 12.04 688.65 57 2.01
8 24 12.00 672.5 57 2.08
9 28 11.97 666.5 57 2.15
10 30 11.95 679.75 57 2.18
11 35 11.91 633.25 58 2.26
12 40 11.88 624.5 58 2.21
13 45 11.85 618 58 2.33
14 50 11.84 613.5 59 2.51
15 60 11.78 603.25 59 2.68
16 90 11.75 589.5 59 2.88
T=50°C
1 1 12.09 732.50 56 1.61
2 12.08 719.26 56 2.01
3 12.06 695.50 56 1.75
4 10 12.04 678.65 56 2
5 12 12.03 664.85 56 1.95
6 14 12.02 664.30 56 2.03
7 20 11.99 642.84 57 1.71
8 24 11.97 588.50 57 1.85
9 28 11.94 562.45 57 1.60
10 30 11.92 536.40 57 222
11 35 11.91 510.35 58 2.26
12 40 11.89 484.30 58 2.17
13 45 11.80 458.26 58 2.11
14 50 11.65 432.21 60 2.18
15 60 11.43 406.16 62 2.20
16 90 11.00 380.11 62 227
T=70 °C
1 12.52 521.66 57 2.20
2 3 12.42 519 57 2.27
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3 7 12.21 515.65 57 22
4 10 12.11 511 57 2.18
5 12 11.99 499.62 58 2.2
6 14 11.87 494.66 58 12.1
7 20 11.80 471.5 58 2.37
8 24 11.76 459.33 58 2.45
9 28 1.51 431.8 58 2.34
10 30 11.45 425.36 58 2.48
11 35 11.39 382.86 61 2.19
12 40 11.3 378.5 61 2.34
13 45 11.23 361.36 61 2.57
14 50 11.13 350.62 61 2.59
15 60 11.08 339.65 63 2.52
16 90 10.35 326.87 63 2.53
T=90°C
1 12.41 507.33 57 2.40
2 12.36 481.0 57 2.35
3 7 11.68 465.55 57 2.37
4 10 11.29 421.5 59 2.73
5 12 11.13 401.87 59 2.72
6 14 10.39 389.65 59 2.53
7 20 9.95 3715 60 3.12
8 24 9.52 356.54 60 291
9 28 9.31 337.5 60 2.90
10 30 8.77 321.51 61 3.04
11 35 8.23 295.6 61 3.02
12 40 7.69 248.22 62 2.90
13 45 7.15 209.5 62 3.34
14 50 6.07 179.0 63 3.26
15 60 2.83 84.25 64 3.11
16 90 1.75 22.75 65 3.21
(b)
test Aging time | Compression set Property
(day) (%)

1 1 3.22 0.99957

2 3 3.58 0.99956

3 7 3.64 0.99950

4 10 3.68 0.99940

5 12 3.71 0.99939

6 14 3.73 0.99937

7 20 3.82 0.99933

8 24 3.87 0.99931

9 28 3.93 0.99929

10 30 3.96 0.999.25

oy = (oo (cwign 50,1315 b i (sl Ay o (bR (oele aclibad WS


https://arcpe.modares.ac.ir/article-38-70318-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-04 ]

webo! ek EPDM aiy W,y yos Jsb (ypass

11 35 4.03 0.99922
12 40 4.10 0.99920
13 45 4.28 0.99916
14 50 4.55 0.99912
15 60 4.93 0.99910
16 90 5.00 0.99905
T=50°C
1 1 15.41 0.84585
2 3 15.62 0.84372
3 7 15.84 0.84159
4 10 16.05 0.83946
5 12 16.59 0.83401
6 14 16.99 0.8301
7 20 17.58 0.82418
8 24 17.97 0.82026
9 28 18.16 0.81835
10 30 18.55 0.81443
11 35 19.10 0.80900
12 40 19.75 0.80250
13 45 21.50 0.78500
14 50 22.14 0.77860
15 60 23.25 0.76750
16 90 32.50 0.67500
T=70°C
1 1 13.68 0.86320
2 3 15.87 0.84123
3 7 16.00 0.84000
4 10 17.75 0.82250
5 12 22.85 0.77150
6 14 27.75 0.72247
7 20 37.36 0.62635
8 24 40.25 0.59748
9 28 45.95 0.54041
10 30 48.54 0.51450
11 35 51.14 0.41350
12 40 53.73 0.38890
13 45 56.32 0.36430
14 50 58.91 0.33970
15 60 61.50 0.31510
16 90 72.30 0.29050
T=90°C
1 1 18.41 0.81585
2 3 23.87 0.76124
3 7 29.35 0.61350
4 10 34.82 0.59912
5 12 40.29 0.55451
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6 14 45.76 0.53005
7 20 51.23 0.50055
8 24 56.7 0.47106
9 28 62.17 0.44156
10 30 67.64 0.41207
11 35 74.80 0.38257
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Figure 3. Time-temperature superposition curve of tensile strength (a) and elongation at break (b) data at a reference tem-
perature of 25 °C
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Figure 4. Hardness (a) and property (b) of specimens versus time (day) at 25-50-70 and 90 °C
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Table 3. Tensile (a) and compression set (b) results of samples containg nanoprticles at different temperatures

(a)
T=25°C
test Aging time Tensile strength | Elongation at Hardness Modulus
(day) (MPa) break (%) (shore A) (MPa)
1 1 13.65 632 57 1.86
2 3 13.20 620 57 2.01
3 7 13.05 585 57 2.07
4 10 12.93 580 57 1.93
5 12 12.81 575 57 1.79
6 14 12.69 570 57 1.65
7 20 12.57 565 58 1.81
8 24 12.45 560 58 1.95
9 28 12.40 555 58 2
10 30 12.34 550 58 1.77
=50°C
1 1 13.15 605 57 227
2 13.09 597 57 222
3 7 12.87 576 57 2.17
4 10 12.63 578 57 2.36
5 12 12.58 566.5 58 2.55
6 14 12.53 564 58 241
7 20 12.41 559.3 58 1.87
8 24 12.39 554.5 58 1.99
9 28 12.23 549.8 59 2.01
10 30 12.12 545 59 1.68
T=170°C
1 13.40 579 57 23
2 13.10 572.5 57 2.19
3 7 12.78 572.4 58 2.15
4 10 12.60 541 58 2.41
5 12 12.53 520 58 2.32
6 14 12.39 519 58 1.98
7 20 12.26 507 58 3.01
8 24 12.14 501 59 1.88
9 28 12.01 498 59 1.93
10 30 12.89 478 59 1.57
T=90 °C
1 13.5 587 56 1.74
2 13.27 575 56 1.73
3 7 13.73 573 56 1.79
4 10 13.12 551 56 1.85
5 12 13.07 542 56 1.88
6 14 12.91 530 57 1.95
7 20 12.35 518 57 2.01
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8 24 11.89 506 57 2.08
9 28 11.5 494 57 2.15
10 30 11.25 482 57 2.18
(b)
T=25°C
test Aging time | Compression set Property
(day) (%)
1 1 2.77 0.9723
2 3 2.02 0.9798
3 7 2.64 0.9736
4 10 2.99 0.9701
5 12 3.12 0.9688
6 14 3.25 0.9675
7 20 3.38 0.9662
8 24 3.51 0.9649
9 28 3.64 0.9636
10 30 3.77 0.9623
T=50 °C
1 4.41 0.9559
2 7.16 0.9284
3 8.09 0.9191
4 10 11.59 0.8840
5 12 11.87 0.8813
6 14 12.15 0.8785
7 20 12.43 0.8757
8 24 12.71 0.8729
9 28 12.99 0.8701
10 30 13.27 0.8673
T=70 °C
1 5.21 0.9479
2 8.11 0.9189
3 10.93 0.8907
4 10 11.01 0.8899
5 12 12.92 0.8708
6 14 14.36 0.8564
7 20 16.10 0.8390
8 24 17.32 0.8268
9 28 21.60 0.7840
10 30 28.78 0.7122
T=90°C
| 1 11.47 0.8853
2 3 14.28 0.8572
3 16.56 0.8344
4 10 16.86 0.8314
5 12 20.41 0.7959
6 14 21.5 0.7850
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7 20 25.9 0.7410
8 24 32.2 0.6750
9 28 41.6 0.5840
10 30 47.4 0.5260
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Figure 5. Time-temperature superposition curve of tensile strength (a) and elongation at break (b) data at a reference tem-
perature of 25 °C (samples containing nanoparticles)
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Figure 6. Hardness versus time (day) for samples containing nanoparticles at 25, 50, 70, and 90 °C
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Table 4. Results of rheological measurement

Compound T, * (min) T,,** (min)
without Nanoparticles 2.33 5.06
with Nanoparticles 1.02 5.11

*Second scorch time; ** Optimum cure time
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Figure 8. (a,b)TEM images of nano-silica containing samples in two magnifications (c) SEM images of tensile test speci-
mens at temperatures of 25, 50, 70 and 90 °C (cross section view)

OinlenST oty (5] (Fogms 8 Con aliged oy )5S
Gsl> asses ;o L YO Y] ol Loy o Lsl slaasls
015_’&5" aS ais )Jon 4—"’5—')0 LSLQ‘\.LQ liaul-a—w 0)39—'L'
Jsle g L 0,390 jg—a> 45 5,5 a>g5 a5
Lf;)‘? ;;,_AﬁLBA u,.,_.l)s‘ el qu)l.._u 0d—uS L

sl 00 4\_53.0_1

o {7 7
ot p PO |
2
3 ——— A .
N | P Vu “
§ - | \
& LA
=1 ¥l
™
\"-\-.
.
- o
| |
E 5 GRS 5 =E 2R =
N B Rl 838 8
3500 3000 2500 2000 1500 1000 500
‘Waversmber om-1
(a)

O A uu_sLo)—‘ S )90 6L®d.:9.o.u R 0)09_ul.v L55l—>
)l)_§ a=>,0 Q*LsL‘o.b 5o ‘f{)‘y JJH; TS V¥
59 0aBodd (md> slanisn JolS Slasin .aud )3

RGP P W 00)3] IN Jj..\_’> B EPDM A&u_wy

Aged 98 b (gl 09—d oo canl i 4 S 4 3sSilan
=9 slwoae o (C-H) —xuS sl a8 o0

== :
s prese—__ /|
it
% A
3% B
rg. | “\\. .
V)
g 2 |/|
Ly
,x\\
2 .
-\,MH
~
' | 1]
R T E® uy
i E ik B35
300 3000 200 2000 1500 1000 500
Warvenumber cm-1

59 VP Soe 4 o5 il a 50 0 Gles 4o (Sl 5l (D) 0,346 (g0 9@) LEPDM StV slaaiges FTIR (50514 St
Figure 9. FTIR results of EPDM rubber samples (a) with and (b) without nanoparticles after aging at 90 °C for 14 days

S5 azei ¥
5 ooa=shy] Glaby,y el Lo talojl 0,57 e tie
ot Sl Ladiges ot >l (8 Jaid- el
Py 5 7 S Seleagls 13y i ae b
S DMA (55l 5 (ble 5 2iS slagyge;l s

=2 g o—iad lai )l a 18 9o (YAD+-YAFO) cm™
5 OFOY-\YYFem” >0 slasae o (CH_,CH))
sanlin YO: cm™ zgwe doe ;0 (C-H) aSgy e
Ao g Sl a3 W EPDM jogiu¥la, a8 090 0
=5 oyS ailBgs aisn C-H ol itz ol
o5l 0 alB 40 0,395L gy dges o L YF-YY | el
algie A5 555 e sowlia (VV)O-)OA-)em’
1S9 0352 (0=0) e )5 (Hale 09,5 3529 S0l

FO b - oond (o 63, o Gy ol 4d) o (Shdgy (ole aolilad


https://arcpe.modares.ac.ir/article-38-70318-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-04 ]

bl @b EPDM oy Ol iy jee Jobo e

EPDM Ll sls 55,5 5 b gy o>ge olacl O Joo

Table 5. Wavenumbers of chemical bonds and functional groups of EPDM

No Functional group Wavenumber (cm™)
1 C-H 2950
Symmetric stretching
2 C-H 2845
Asymmetric stretching
3 C=0 1715
Carbonyl vibration
4 CH 750
ENB double bound
5 CH, 1374
Bending vibration
6 CH, 1453
Scissoring vibration
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