1 1 th Khon Kaen University 2010
The Graduate Research Conference
msUszgumsirinsiaueraIuiIdeseiutudindnu ASadl 11 PMO22

mniAaBanatazmIniniuvessnawavihaensesduionsnusuiions
d’ a v an Y v
NANIIAIBANUNIANTIIAULASHID DY
Mechanical and Oil-Resistant Properties of Carbon Black/HNBR/NBR Vulcanizates Filled with

Commerecial Silica and Fly Ash Particles
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ABSTRACT

This work studied the properties of carbon black filled acrylonitrile-butadiene rubber (NBR) that was incorporated
by hydrogenated NBR at various loadings from 10 to 30 parts per hundred rubber (phr).The rubber blends were vulcanized
using two different vulcanization systems, these being referred to as sulphur and peroxide curing systems. In addition, two
silica based fillers were used, namely commercial silica (PSi) and fly ash particles (FASi). The experimental results suggested
that the addition of HNBR into the carbon black filled NBR did not affect the overall mechanical properties of both
vulcanization. The addition of antioxidant (6PPD) resulted in better thermal stabilities under heat and oil for the sulphur-cured
vulcanizates. For the effect of silica based fillers, it was found that the mechanical properties for the PSi filled vulcanizates
were greater than those for the FASI filled vulcanizates. The thermal aging was found to improve the modulus and hardness,

except for the tensile strength, tear strength and elongation at break.
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ﬂﬁNﬁ 1 Vulcanization recipes for carbon black/HNBR/NBR vulcanizates
Ingredient Function Peroxide system (phr) ‘ Sulphur system (phr)

1. NBR (ACN 33%): HNBR (ACN Matrix 100 Part
36%) (100:0, 90:10, 80:20, 70:30)
2. Zinc oxide (ZnO) Activator 5.0
3. Stearic acid Activator -- 1.5
4. Carbon black (N660) Reinforcement 80
5. TMTD' Accelerator - 2.5
6. MBTS’ Accelerator -- 0.7
7. DOP (Dioctyl phthalate) Plasticizers/Processability 8.0 --
8. Aromatic oil Plasticizers/Processability - 6.0
9. DCP (Dicumyl peroxide) Crosslinker 7.5 --
10. TMPTMA Peroxide Co-agent 12 -
11. Sulphur 325 mesh Crosslinker - 2.0
12. Antioxidant (6PPD) Antioxidant 3.0
13. Precipitated silica (PSi) and Fly Reinforcement/filler Varied
ash particles (FASi ) 0, 10, 20, 30, 40 and 50

'TMTD : Tetramethyl Thiuramdisulfide
’MBTS : Mercaptobenzothaizole

*TMPTMA : Trimethylolpropane Trimethacrylate
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WA 2 Influence of HNBR content on tensile strength for carbon black/NBR vulcanizates

1qu1a

o

g’ 3 a y a y
manuiniulalasanigungiiios w
a =} Y 2 v 1 ] 3‘ &% :,’ csy A
wanainalndifesfiuneuusyluridy Meliiesan

4

3 A J 3 A AA o =
EINLQH’UEHSLLQZEJNL@GHLE]HTJEHSHJHEJNVIM"IJ’JQ\‘]%Q

aQ
aQ

v
Msonuaemsunsadveniniulda  dmsu
A "y Y, S o a A
asaluusaaltendudeuluiiulalasann

wngil 125°C a1 70 hr WO NITUITZUUNITAL

Pe]

9 @ 7 (R @ 34 Aa
sdaredanes NUINATNBAATLASAITUUUINND

Q¥

' Ed
YOIWNNAMANGITU LAIANNLT T IR 5302
80 @ 9091 HAZAIWATUNIUNITANVIAAAAN
4 £ 1 1
MM uHIINHAYRIMTIAAMIgNAINDITBY

. { a Aaaa o @ 13
(Post curing) Yode19MiAagAze1Tan lumduud)

384

@ 1

A a dg‘ 1 Y a A
nnadudsnandnaliorsnaumnanisiyonles
o A £ a ° o
WuszireuvyanIunnlsumve stz duly
Ao n Yy a aaa A = q’/l
s1anda li'ldinalfaseinsisenyag dniannw
FoudainlienelanyonTlos naz/mioniusedamos
senan Tuanan/asuainais Tge17 (Polysulfidic)
1< 1A A 3
iWueneTgnivuiaduas (Mono- 15e Di-sulfidic)
' 4
A ldanuvnuiniuyessiusednugadu
(Sirisinha and Sittchokchuchi, 2001) taz1o W13 841
k4 J J ' 1 @
szuumsagldaatlesesnled nudidwegdd
A dg) A a 1 a
MudY esIndFinannunuinyesua

o ) S a (asa o ¢
Wuﬁ::"111111!1ﬂﬁllui]1ﬂm‘iLﬂﬂﬂaﬂim’mm"lw]mm



1 1 th Khon Kaen University 2010
The Graduate Research Conference

= = o @ o o & o
f‘i'1‘E'IJ.“;:“QEJTI'N’J1[’1ﬂ’lilauaﬂaﬁ'}u?ﬁ]ﬂﬁzﬂUUm*ﬂﬁlﬁn‘H’] ATIN 11

laaufou (Post curing) (191, 2549)

40

PMO22- 6

200
180
160 -
140
120

Peroxide system

40 | —@— Nonaging
20 1= ® - Oilswelling
----@--- Thermal-oil aging
0 ' : — ' :
0] 10 20 30 40

HNBR content (°5)

/WA 3 Influence of HNBR content on elongation at break for carbon black/NBR vulcanizate

200
180 Sulphur system
& 160
= 140 |
bl
= 120
f 100 1 P RN .i .......... 3
‘E 80 !"’ ...........
S 60 -
= 40 | —*—Nonaging
= 20 | — # - Oilswelling
0 ----#--- Thermal-oil aging
0] 10 20 30
HNBR content (°o)
40
Sulphur system
B
e
7
g
= 10 —e&— Nonaging
5 1 = ®=20Oilswelling
----#--- Thermal-oil aging
0 ' : ' : : :
0] 10 20 30 40

HNBR content (%)

40

Peroxide system
35 4

—@®— Nonaging
30 |- @ = Oilswelling
----@--- Thermal-oil aging

25 +
20 A
15
10

0 10 20 30
HNBR content (%o)

40

NN 4 Influence of HNBR content on tear strength for carbon black/NBR vulcanizates

4

b4
a g N
i]mmiﬁﬂymammmmauﬁa@ﬂmmu@ FUA

v v
6PPD Nif0duUAFINaLasMIsNUIItuYeIda

q

s

1 < J o [~}

PNHTUITHINGIDUT1I VeI HBUT 915N

1 o o a 1 o Y A aa
paiduuamsiauuadnuazidaneriio Fam
I a ' =
WuasAundased wansnaaeaadluasen 2

! Y o J va a
WU sruumsasglalegaes auiarana
Tagsanvestaananlndifesiunowdy ualu

v ¢ ¢ ' wa a
i%ﬂﬂﬂWiﬂﬁzﬂﬂ’Jﬂ&ﬂﬂi@@ﬂqcﬁﬂ NUNTUUAUBING

385

) Ea
Tagsauupsidanauanad 11109910 @151OUADONS
< 4 v @ g a . o
IAUN 6PPD  dUNULLIAAADA (Radical) Tuszuuin
a 3 a 1 a 4
ISmausanneaanasdanaliinanisiyen Tog
Y v
aelganad arunsanisnuiiniulalasani
garigives nun autiadinaiina lndifesiunou
nagel  wardnsSunsaitusadreanusoulu
2 o A A a Y
WuleTasanionnsaszuunisnagildg

Fawlos wuh auiidizinalassmvesiaaoianem



th Khon Kaen University 2010
The 1 1 Graduate Research Conference

= o ar o ar oo & o
ﬂ'l‘iﬂ‘s:quﬂ'lﬂ'tl'm’1‘3‘Lﬁu€|r«|aa1u?ﬂﬂﬁzﬁuummﬂﬁnﬂ’] AFIN 11

100
Sulphur system
2
g
2
17}
5 70 A
T o —*— Nonaging
— # — Oil swelling
---#--- Thermal-oil aging
50 . . .

0 10 20 30
HNBR content (%)

40

100

90

80

70

60 A

50

PMO22-7
Peroxide system
. ----------- . ----------- .. ........... .
| —@— Nonaging
| — ® = Oilswelling
---«@--- Thermal-oil aging
0] 10 20 30 40

HNBR content (%0)

7NN 5 Influence of HNBR content on hardness for carbon black/NBR vulcanizates.

A 2 2 9 A a & U
NHANHRHINRIANE T UADONFUAUN 6PPD
ualuszuumsasgidionleseonlad nui auia
Tagsauvediaguananad

91NN13NAaeINYI1 N3 lFarsasglszuu

o Jou o Y vAa A
Faosnuiageranauii IianiifFina lags oy
A J J
anmsldemsasgiilesoonled Juaenmisnagll

o 7 A Y= a a aa

szuvdaosiive lsanyinavesrianazSinusa
' Y

MaNaanmFINaLarnIINUINIUUDIIAQe1

NEN NINA 7 HEAINAVDIFHATITANANADAIND

o = A A ' A a
ﬂaﬁlﬁqg’]\‘]ﬂigﬂgﬂﬂ 20% WU ﬂ15!W3J1]31”m
aa 1 Y1 @ =3 A d?’ 054, dy d'

AN ﬁ\TWﬂGlWﬂ'lNﬂﬂaﬁl!j\iﬂ\uWNmu TNUIUBIN

386

a

aa =} 9 g’ % A A

gamiinnudeuluwiuiulelasaniguugiqa
' Y '

WU AU ALTIAHANNNIY 1HDIINNAUDI

MIYNAINDILDINGIOUAN (Post curing) YOG

a aaa @ o Y

nalfiserian luadund)

MRV TATITANANADAUA T IAIGIA
YOITAQNANUAAIAT NINA 8 WUNMTINNLTUI
aa v 1 o Y1 Y =2
Fanunsamsa Ui ldainudiuussfegege

v Y '
MUY A1 HIINMSAT U TuTaqe1anay
a "o & v o Q
wanpeviguiunanii ldwavinmsasunsg
4 3
nnsamgnuafall venviniimsmulSuusam
ludraesdewalininnudiuusedegegaanas

A k4 = > ] A o
IUBIIN Lﬂ'lﬁ’f]flll‘llu'lﬂﬂlgﬂ'lﬂﬂslﬂiy taznysuu



The 11

= = o @ o o & o
f‘i'1‘E'IJ.“;:“QEJTI'N’J1[’1ﬂ’lilauaﬂaﬁ'}u?ﬁ]ﬂﬁzﬂUUm*ﬂﬁlﬁn‘H’] ATIN 11

th Khon Kaen University 2010
Graduate Research Conference

60
50 |
40 |
30 |

L

204

Volume loss (nm®)

=

Sulphur system

*
‘.I.\._\_......_._.

Te-—--o

60

I I I I
T T T T
[ w 5 U
o o o o

Compression set (%)

L

T
[y
o

o

10 20 30

HNBR content (%0)

I
o

60

50

) w S
(=) =) (=)

Volume loss (nm®)

=
=]

PMO22-8

Peroxide system

10

20

30 40
HNBR content (%)

60

u
o

I
o

]
o

)
* C) p
ompression set (%)

105

0

WA 6 Influence of HNBR content on volume loss and compression set for carbon black/NBR vulcanizates.

15199 2 Mechanical properties of carbon black/HNBR/NBR added 6PPD at 3 phr

No Antioxidant; 6PPD Antioxidant ; 6PPD at 3 phr
Sulphur system Peroxide system Sulphur system Peroxide system
Properties
Non Oil Thermal- Non Oil Thermal- Non Oil Thermal- Non Oil Thermal-
aging swelling oil aging aging swelling oil aging aging swelling oil aging aging swelling oil aging
Tensile 10.3 11.2 14.7 15.4 16.0 19.0 9.0 9.8 13.9 5.7 5.7 7.8
modulus (MPa)
Tensile strength 20.5 21.9 14.6 13.7 15.6 15.5 20.7 20.2 17.5 19.7 19.2 18.2
(MPa)
Elongation at 157 158 87 70 82 73 193 177 107 246 243 182
break (%)
Tear strength 29.0 31.0 17.8 10.3 11.4 123 445 44.9 31.0 442 36.9 31.6
(kN/m)
Hardness Shore 80.6 81.0 85.6 81.2 82.6 85.8 79.8 81.2 84.8 72.8 75.0 80.4
A
Compression 24.8 N/A N/A 8.8 N/A N/A 232 N/A N/A 139 N/A N/A
set (%)

N/A hildhmnageu
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