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57402 2812jdOLYNMERENCE AND ENGINEERING
KeywoN@tural ruldd®Butadiene rddReXcrylonitrile butadiene
&IBRFoam rubber blend, organoclay

MR CHINNAWIN KS8EFRECT OF NR, NBR COM
NANOFILLER ON BRTEESMIMBSASSRBTAPROFESSOR
THONGPIN, Ph

Blend of NR and BR is high flexibility and Al®asitmef

NRBR blend has some drawbacks sugivlas goluemoresjdtb]
compound has an excellent resigtataregit0ammaterials have
interested due to its ligi¥dem of this research was to stud
of ternary rubber blend and foamNR#BR andrling effect of (
&30Brubber foEme ratios e BBR rubber blea®@20, 68320,
404020, 26020 and3®20 TBe rubber blend was mixed in kne:
then cure agents were adasichmifitue curing agents of rubber
52152 phr of Z8@aric akiBTSulphuFOr rubber foamingl@age
L TBilicE\803610 phadd 3 phr C30B weyE@uoddde results,
found that morphology of rubber blend showed the continuc
which NBR droplet was disj@ssilplsssigtbngation at breta
strength of NR were higher than those of iNibRranidrERva@renn
with NR conS@tant modulus and hardness of NR were highe
BR even rubber blend were increased, Wéh3ii cantehtubbe
wagess thath 5THe results of thermal aging at 70 °C indicate
modulus &days of testi@y rubber foam, the cell size and cell
foam having NR as major phase was smaller than that of t|
major peadechanical properties were increasedvmhrBisbeolf
incorporated with C30B showed better mechanical properti
without C30B
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Aldehyde Aming BA, HMT Slow
Guanidine DPG, DOTG Slow
Thiazole MBT, MBTS, ZMBT | Semi U#ast
Thiophosphate | ZBDP Ultréast
Sulfenamides | CBS, TBBS, MBS, D({ Fadbelayed action
Thiourea ETU, DPTU, DBTU | Ultréast
Thiuram TMTM, TMTD, DPTT,| Ultréast
Dithiocarbamat¢ ZDMC, ZDEC, ZDBC,| Ultréast
Xanthates ZIX Ultréast
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Accelerator Chemical Structut Remarks
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ETU j Spe@dtréast
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Secondary accelerat
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N—&—N . .
DPTU (T useaea printary

Secondary accelerat
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e 1 1ot | UseA@a Printary
Secondary accelerat
Sulphur donor
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Scorch safety » Longer

ZDMC < ZDEC < ZDBC < ZBEC
TMTD <« TETD <« TMTM < TBZTD
MBT <« MBTS < ZMBT
CBS < TBBS <« MBS < DCBS
Longer
CureRate » Faster
ZMBT <« MBTS <« MBT
DCBS == MBS < CBS = TBEBS
TMTM =TETD = TMTD
ZBEC << ZDBC = ZDBC = ZDMC
Faster
Cross link density » Higher
ZMBT <« MBT <« MBTS
DCBS == MBS < CBS = TBBS
ZBEC «< ZDBC <« ZDEC < ZDMC
TMTM = TETD = TMTD
Higher
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Hydrochletitphic© kOxttOphospliolicR TCareohd2E R F B T 6 k [
Ok N O1 @al]TLNIRAGE riRheN fiEjosiaaespidehi O Lah E

T NRIFThENGFABEEEBAD T 1T nr | ce

Decomposil Gas
Chemidalaming age range inal Yield| Used mainly wi

&'A &nigt

Azodicarbonamide| 20®15 220 |PVC,PE,PP,PS A
Modified | 15220 | 15@20 PVC,PE,PP,EVA|
azodicarbonamide
4,4OxyBis
&enzenesulfonyl 15@.60 125 | PVC,PE,EVA
hydrazide
Diphenylsulfone
3 §lisulfohydrazide| ~ 120 | 110 |PVC.PEEVA
Diphenylene oxide

. : PVC,PE,EVA
4,4disulfohydrazide 7/im# e
Trihydrazinotriazine 275 225 | PE,PP,ABS,PA

pf oluenesulfonyl

. . 22835 140 | PE,PP,PS,ABS,P
semicarbazide

5Phenyltrazole 24@50 190 | ABS,PPO,PC,PA

|satoic anhydride 21@25 115 | PS,ABS,PA,PPO
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Specification
Appearance Fineyhite powde
Specific gravity 16
Decomposition temper| 157 3B
Gas volume 128 =+ 5@ STH
Moisture 03 Dax
pH H5

ij N21T rh & ij QORASupekcENN K O



0, 1, 4 CoNaddrdng/i /E]

I NKT T Rét&tdesiNbE NEBOBF MO T & DI OK NJ N
7 N E Dufchnization Bf PGI NENKT Nj éF E] NEé I J
cel © o8hBERT ENEEgeen RN@&G@P ekl hnhydridsnzdic@dtsRd | R
T®BENKI TInt §EG NNEE kodH] SEHIRIENTKT rosd 0 O L h E

ek o

N-(cyclohexylthio)phthalimide Phthalic anhydride Benzoic acid

ij N21OTth&E 6 e KELKONKY NEoeJneél E

T N RIEThAELON K IR TEAINE [HhgBy kad) KONT N
Retarder, Chemical tyj Use and comment

Retarder B benzoic acid | Weak acid, improves shelf aging,
and BAX and reduces compound viscosity

Retarder S salicylic acid | Moderate acid, moderate retarding
promotes reversion resistance,,ac
Retarder P phtHe acid | Best retarding acid with thiazoles,
effect on stetRire

Retarder A modified phth Phthalic acid with activatio@sadtaq
acid PX but cures,faster
Retarder S sulfonamide | Good retarder in most systems, st
actiation, reduces relésiapst
Retarder C N&yclohexylt| Outstanding retarder with most ph
phthalimide | systems, very effective with sliian
dosages are typical




3.

6h] & ENT | N&nj | Refardsh &IPR /@& NBY ®¢ N
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J A E (RIRESBR, BR, NFE CROERBEEPDNE] @itd) it ik 6 g © IE K
O ON E E§ Sulphenabiddetelenadoh] nd&d 101 JKINRT INRHE T €
n IKiNG 1I86brckiidif®EOs E 1 1O ANEA EniRNEN B B0H B iyl &N
ETEINIKPIE RT Kn E| N &Ik reNej jGNOH Ok N | Ktk
E Foitike] B | ONDINHBDEN T finr NCE
N RSOH ThiEr D@ IREDASIEFAN E

Specification
Molecular Formula | GHNGS
Physical Description | Drypowder
Density 133 gnL &25C
Molecular Weight 26B39-mol
Boilingip@lecompdses 196 af66nm Hg

D ©

—_ O¢

Meltingipt 96T
Solubility Inwate®8 mig aP3*C
Ashantent FO16

Topological polar sd 627nm
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1T d InNe FNSET NG NIK] | KNG IDesiOaF D Bd s s &in INTr i é

JNE&nRT NBNiUr &iNN NEoesi@EioD OF N Kidan Kr J «

strengthd N r NRJ AN rkKigNUZNEREON @1 Oh A E

T N RO Thienelle sticksNtensielsteajNRERI9 L J O
NHBR ratio

010C 2680 4060 6640 | 8620 10@

Tensile stress, MPa 1 | 10 | 19| 18 | 1B | 27

Properties

Tensile strain, 135( 135§ 136(¢ 1380| 141( 1550
s
of ]
0 20 mNR.phr&J 80 1001

ij N210 thaE sDength E NHESEL
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Compression set, %
onvs B B B ¥ 8 8B 8 & & &
]\‘ 1 1 I.' 1 1 1 1 1 1

o -

44
24
T T T T J 0 i T T T

. 20 40 60 80 1001 0 20 40 60 80 1001
C NR, phr NR, phr

ij N2164 1@ EONd¢rhphe&stion €&t I 3¢5H I 1ij ] O NI B K N J |

B O E Nd¢rhpihekstion Siffhiess] TNBR/T7)[KNJ NH O

ENEENKIT AL FT LJ 7N AINEENKKGEINIIj BRYNN T &8l

Ok NL S NNRBRAT B NKEG I On NIk EED NBNNK&D

IJNEENRT OODNRNEKENRKT hkl ERAE
T NKRMET NI IONI NKNERIUENKGnIj n NI &l El
NRBR ratio
0100 2080| 4060| 6640| 8620| 10

Compression stiffness, kgf/mm

Testing item

Measured  value, X
24 h atm

Unit thickness perm
cnimmnt 24h atm

Gas permeability, oog 1,25 | 119 | 109 | 909 | 898 | 685
crcms cm hg x 19| x 18| x 18 | x 18| x 1¢€°| x 1¢°

4146 3837 37@4 3583 3430 27860

8231 7833 71P1 5984 59(74 4585




T NRNET inn KDdgingi- EEG NIRR|jteosilesiresth® 1 é n Nk h
Ok N stieds IBNMBE @& é nNETkrnSWN B MINGGE | NJ L NJ |
oLNrJLiBRMORMEN Inm@r ij OJ Nel EO

50
@1
60 <
48 . S
L .
44 4 55
."'-
42
£ 50+
= 40 A %
o <]
£ %1 S 45
2 136 £
g @ 40+
SR TR
EZJ 35
30;; = '
47 B b L
24 5 T
Q T T 1 0 T T T 1
0 40 50 80 100 0 20 40 60 80 100(
NR, phr ( NR, phr
41 '/
80 —a— NR/BR: 0/100 42 —a— NR/BR: 100/0
81 —e— NR/BR: 20/80 43 —e— NR/BR: 80/20
—&— NR/BR: 40/60 44 . —&— NR/BR: 60/40
82 —v— NR/BR: 60/40 e . " —w— NR/BR: 40/60
1 —&— NR/BR: 80/20 —— NR/BR: 20/80
834 46
; % 47 . A
o N . - e
ﬁ‘ = E S \\ c': 49} 4 \'\.\ \
864 W ~— S 50 o —
N ~~—_ 51 ™ i
-874 ~ S s ~
8 ) \‘\ -
1 53
894 NG 54
55
]| C ! = d
L o o o e e e e /5 T 57 1T T T T7F T
01234567 20 25 301 01234567 20 25 30!
Aging time, days Aging time, days

ij N21TI 7 @ T N 6 NFBHE 1 agilg: i IOEHI I 1kijGBIR D 5 .
N CBangwébrFNEJOeh © L n E| N eéeulONeN®OBN] NNJ T
NFB® h ] ceh ©1 SNENKT rHardness, Jed TNN d NN BNEK
OKEGS J Ny IsireGsEa@mBrigdiidnefO®a IN.e.i O A& J N
6 J Nr I Ts@dshaheibhghtioreai;biehkir AHy NAHs & FE¢On N
NR O E BROR N &EINBE B jNIERG K HDg #dRd & 5 B El €
] NENFBEJING n Nk K K OIS <O



70 20
65 4 (A) 15 (B)
H )
0 o) 00
HD ¥OBBGD8D88 300 1O~DDDDDD
60 o CooA0D
(Shore A) (MPa) 050
55 5
50 — T 0 I . B
0 20 40 60 80 100 0 20 40 60 80 100
BR Content (phr) BR Content (phr)
40
35 (C)
30
G g
b 25 700G, -
(MPa) o4 g
| O00n0
15 - 0
10

0 2‘0 4}0 6‘0 8[0 100
BR Content (phr)

ij N21® K (EQI®T & IBNO OIENREIONI NKT El ENKK ¥
& Oél NJENJINKT El ENKRERF OKESJ Ny

ij N21®8In@ @L h E é | Kul dhah cBrp B K1 NEEE Ml G N EI !

El ] NEBR T NBR|I KINRDNHEE IN@ @& ME O f EN B ¢
el NJT edtiahdhi® InBENEBRDING fiti®end dhip It T IEE
NROK N@NEENKT A LT el BijhENSNEKOTET rENNE

s

i INB&® J DB KNI BAKRO el NJ LINGIeNNKN JE& nERN

10t 680 — M .
a O N220 Carbon Black bl
D N375 Carbon Black
¢ 0 pog O N220 Carbon Black
0 o 0 g 1 N375 Carbon Black a3 2
= g @
10° S 50 T
Rcc % = é o O - x
(wmistroke) [ o L2 - 5 E
) ¥
18 & . 5o
5 @ T
ff oo 7
a
10+ . . . 40 4 T T
0 20 40 60 80 100 0 20 40 60 80 100
BR Content (phr) BR Content (phr)

ij N 2188t GEDKKNMNMd chipOL J T n T NE NNEERRON G h O F |



3!

6hj] ENEj KENKLNE| NéF ET AREOO0OEN
KNBN%ME@“BWMnNE;ﬁUmENKhnEJDhOe

ENKT alJlj Nyl 6HINeK) BRI (ENII0] NRER TKANF 13 1o |N
oBR@eINjTeNTTNIInIENKoLﬁ“KOIhG

I n BT NG JANEIB RN i ot AN NNKIO T T'?RT f B E N
j NEO
I 1 ET Al R\BLodhT enJl nNESN: KELJNBEET | @ JIN EN R ] SONGE
oeheKhTeiNJLICEeCEIENKISNJN EINII
EnT ENITArT ©FEIJAENKLAJ ) ALT RSNJIAT
Habeeb Rahindd@k N & H N O ceh © L ‘UM INNL | Arﬁd

OGNEEk &Il E] NE|j ISBRONOKING NNEEj - NNENEBRNDS K rod

6 h] Egeard R K [sHE D e Do O O k NKKINGS L MEJ

oKDm O iciird tifik<@oh tie Nt J eSBRI BrJ D& h R 1K
o] Knj Tvadanizgadl KNG NSEIgh& K "DORED iogEy © KT 1

sulphdr] RT L KKT Ak & N ¢¢N Edsilehstietigh S ER). AN K N

#wtO k Bléngabio® at Bréak nIBR NEHnhhE | fkriEFONZR® h K © E

5.5 350

o
o

300 r

[l o
o v b
T T : T
N N
=3 &
o [=)

N
o

Tensile strength (MPa)
Elongation at break (%)

N
=]
T

_.
tn
T

—
(=]
w
(=)

(IJ 2I0 4I0 GID Sb 1(IJO 0 20 40 60 80 100
% of SBR % of SBR

ij N2 h@&EL J T n SBRBRNEEK &1 E] NE
SThanawanx Ne @K[O®1 SNENK L n E| NkaseE | H#N
shifh ©1 jatonicddrcN miQ@EMIO & | E NRIBBORI]] GGES a1 eC

M.
[



3¢

i LJO] RIbenddfed R NJnD & G@Na D k N NRIBRO k N 6
6] RT O/ -8/ 1- R NI KINCELO B N 2210 & @ G KL
phase | E] NE O] E | BHaje gBidNEGE N 0 ENBEGInhn .

[ nEf AT KNL njl&NEKNRoideis s oHneE 0a rErl ) NN
Eg @dhdsiizeGorce interdction ®© B jj HAdhedt©@r¢BIB D EE | n |
NBRL i NiRMET nr O

T N RN [ dilesive force intérdction NRNBE 0 0 |

Surfacq Relative surface sti Adhesive fofai¥
Si wafer| 1,00 3

NBR Q76 66

NR 060 154

=
<
2]
&
4]
L
o
0 25 5.0 7.5 10.0 0 25 5.0 7.5 10.0
Distance (um) Distance (um)

i N 2218 iNreBaSeNmifOE [ NRBR LA/ 5 100 G/ NaB&h [ T R



4

~

6TD[PE“NEENKLhEINjNEjLJLNrET
| Peé&nj T nar LInNEG JENGT ol genl T NGJesi ENSINSE] AR T os
IJNEIJNJTnrT ©EENKOS I NrJei NIJLENJINKT C
JNEé NOrganoddag JEL § QE|] L JO61 Nr | & 66 EN'T
0e k] QOGN i INENEHD WG ON TG ENT | N& A ]

PLOEO k NejeeN O L 'EgokidiyedmatudagEaero | N |
LNKSoT NKNENRBNEEONNLTNE&EG BLNKST NJ O1
Orgatay, en BldokSNda h | EI ©] nate K< i NI |
Ok Nj L J L N KGrdamtaoht, iCarion Exbid iSK@ ghn | O
6h] ENEENKLNE] NknA E| #N Tij NE2ZRRH IGONN |
LNKST NI OT nEEKNE& N T n fideduBberrmaiixd T I
interactibomi r h i El T . EENK | L NRO Oargsiodiegh & 4 K IC
tensile strefpkedrQ@trength Ej] NE J uNr{Ezrzmrr rch hOOLhET

ij N22B) N\BE@® I E § N R | 2B\ NBbrganBdiaD E h n E] I
& N&ilical NeCEe3



2.5 - — — — - — - 7
W e |
M0 |: 6
2.0 I R TR
g - -
1.5 - e
i} £ S
: : z
[ = =
g = &
ﬁ E 1.0 ................................ E
9
o
o
=
0.5 —eaa
Gum Organoclay Silica Carbon Black 0.0
( Formulations Gum  Organoclay  Silica  Carbon Black

35 e ‘_‘. A e L S AT 0 e S ) 1400
oor o [ Tevsite Strength
: H Elongation at Break
30 - - 1200
. i ow
H - . . &
g P <
20 - ..X £ .. . e ....i....-, 800 §
% : , ; k=)
g =
2
: g
:g 15 600 =
!
& =
10 -1 400
5 - - 200
0 - -0

Gom Organoclay Silica Carhon Black

i N2 hE L J ERnNNo GKEGREWA IN[r j LJIL

STA@loo&k Ne4eeR ©1T SNENKL NE| NLJT AT N¢
NBBR fir | L hahddlyt NBBRS G R EOChanecByO@ @ NN @&¢
cloisite B0 kclNigteB6 h JNarodegh RE OO0 Ol Nh o & ©Nh
Ok Nj L'J El ] NE ODghS i r E oeh @iekAifHekeE h @ 1 6
| I n N olakIEr &l dNBRE)gaddAidechiatimeh k EO Ok N & N
ThLFT el NIJLNJ NKN2EDENKNOh BIL NRRKTD
Khk EocdayEl | NENIN®ONr JénR



4.

T NIRNEI i E ONUGhgh E[JNBER KO OTRUI2Z[NKST NJ

Sample Cc ts too MM Gel conter
MinBs€x | minss€x | Nm @.66C &# '
NB50 131 225 56+03 838
NB50C3 1812 B8 66t01 862
NB50C5 1@1 A0 71401 8B
NB50C7 1&6 33 7802 8aL
NB50C10 187 B5 72401 8%
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T NKRNEBAE B § On T N BIBBR EE ko6& RBJj2 IINEK 6LT ING O T
Property NB5( NB50¢( NB50(¢ NB50( NB50C
228 | 405 | 482 | 610 | 578
+ (06| @ (8| + (8| + (7| + (D6
114 | 124 | 148 | 151 | 174
+ @2 +@1] @1 £+ @O1| +(@2
Elongation at#reak 315 £| 291 +£| 303 £| 352 +| 355 +
52831 53#2| 565| 585| 5711
+ 104 + (78| + 114| +164| + 152
13| 975 | 910 | 850 | 744
+ (6, £+ (P2 £101| £132| + 105
569 5%2| 5209 | 5176 | 4%1
+(QL3| £ Q0| + (08| + 6| + (8
105 115 | 121 | 128 | 184
+ M3 £+ @2 @1 +@2| +(@2
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OO QIGMNMBL MOk € F EI n AT KROKGEH fnr Jnalk NTIT

NR 140 NR 150 NR 160
Relative dgnsit 03635 | 02738 | 02614
Crosslink density 735 669 592
O &Q@%rapl cin
Average celBsihe 081 +,217 106 +,28] 1,34 +,86¢
Number of cell per unit 327 286 160
O &Q¥xd
Expansion ratio 2751 3652 3825

@& N 22T rhE E N KnorphaldgeiHX & diskittuitiins) N
E K N U@ IsireHiélibiitien © cegllisiteE N &EJ 13 @5 gjNOS N
El ENKe&nRIT KOJ| T Betsigel distribdterissR 1 Qg INSENNTET €
KnhEl ANéel NJ6éee®@lhE @REé ION GelBiledNd & |y
homogengity NR B8 ENROH O O
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Cell size, mm

NR 150

03.0506-0809-1.112-1415-1718-202.1-23
Cell size, mm

NR 160

- 03.0506-0809-1.112-1415-1718-2021-23
e Cell size, mm
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XLDS Swelling

Samp| AM | MO| AR | TO| XL 18| XLEx 19
&# | &mol| & #| &s| molg moyg
| 358 | 8410 6227| 376] 0999 0964
I 355 | 8240 582| 364| 1099 1069
1l 3P5| 8110/ 509| 359| 1185 1130
\Y; 385| 7900 5M2| 342| 1215 1185
V AQL2 | 7480 5470| 331 1283 1277
VI 42| 7150 5432| 332] 1301 1290
VIl AB4| 6960 557| 329| 1336 1334

(gantple T, &, WB O | prebldeldl B, 95 . |
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