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Self-Vulcanisable Rubber-Rubber Blends Based on Epoxidised 
Natural Rubber and Polychloroprene

R. Alex, P. P. D e  and S, K, Oe. Kharagpur (India'i

Mill miiod blonds of polychloroprnne {Nfioprene AC) and BpOMrtiseri NR 
irNR) h.nva been found lo be seif-vulcamsabio m ihe absence ol any vul- 
cafiistng ageni Thts is found lo be a parttaily miscible system. Cfosr.link den 
siiy and physics! properiios ol tho sysiem r't’ pend on the blenff f.ntio

Selb»fvulkan}«lerbare Kautschuk/Kaulschuk-Verschnltte auf Basis 
von epovfdlcrlem Naturkautschuk und Polychloropren

Auf der Walze fiergesiellie Verschniiie aus opoxidiertem NR (ENR) und Poly- 
cMorepfen (Cfl) (Npoprone AC) zeigien in /^hwesenheit joghchon VulKamsa 
lionimiifels die Fahigkeit zur Sefbstvulkamsation 6s wurde festgestotU, daft 
es sch um em tcilweiw mischbares System fiandell Die Nelzwerkdichic 
und die phvsik.^hschen Ptgenschafien sind </om Verschnittverhallnis abhan- 
giT

Iro d u c tlo n

Do a n d  c o - w o r k e r s  h a v e  d e v e lo p e d  s e l f - v u l c a n is a b le  b le n d s  
b a s e d  o n  r u b b e r s  w i t h  r e a c t i v e  g r o u p s  E x a m p le s  a r e  b le n d s  
b a s e d  o n  H y p a lo n  ( C S M ) - e p o x id is e d  N R  ( E N R )  | 1 , 2 ) .  C S M - c a r b -  
o x y la le t j  n i in J e  r u b b e r  ( X N B R )  j3 ) .  X N B R - E N R  |4  S ) a n d  p o ly  
c h lo r o p r e n f t  ( C R ) - X N R f ^  |6 ) ,  T h e s e  r u b b e r s  g e t  c r o s s l in k r » d  d u r ­
ing m o u ld in g  in  i h o  a b o ^ n c e  o l  a n y  « / t i lc a n is in g  a g e n t  a n d  c a n  
be f c i n f o r c o d  A -ith  f illo r. '<  l i k o  c a r b o n  b la c k  a n d  s ih c a .  W h i le  
m a k in g  f u r t h e r  i n v e s t ig a t i o n s  o n  b le n a s  b a s e d  o n  E N R .  w o  o b -  
s p rv n ii ) h a \  C H  ( N e o p r e n e  A C ) - E N H  s y s t e m  g e t s  v u lc a n is e d  
d u n n g  m o u ld in g  in  t h e  a b s t j n c o  o f  a n y  c r o s s l in k in g  a g o n l  
2ai<hnrov a n d  M n iiov  h a v e  r c ix t r i iM  l i i a t  N c o p r e n o  c a n  b n  v i i l -  
ta m s c jf)  b v  e p o x y  r e s in  (7 )

Ip (h e  p r e s e n t  c o m m u n ic a t io n  v / e  r e p o r t  I h o  r e s u l t s  o l  o u r  p r e l i ­
m in a ry  s t u d ie s  o n  s i ' i l f - v u l c a n is a b ie  N e o p r e n e  A C - E N R  b lo n d .
-  A c c o r d in g  t o  p r e l i m in a r y  s t u d ie s  o t h e r  f o r m s  o f  C R  a ts o  
u n d e rg o  s im i l a r  r e a c t io n  l i k e  N e o p f f i n e  A C  g r a d e .  B u t  w e  h a v e  
not s t u d ie d  d e t a i ls .  T h is  p a p e r ,  i f i e r p f o r e .  d e a ls  w i t h  o n ly  
N eC T 'fpno  A C  t y p o .

3erim entai
Is polychloropferm type Nooprftne AC was procured from Du Ponl. 
S A . ENR used was ENR-50 with 50 m nl%  opoxidatiun, obtained 

1 Malaysian Rubber Producers’ Research Association (f^RPRA), 
K The Mooney viscosities ol the samples ML (1 4) at 120“ C were 
lof Neoprene AC and 46 for ENR-50. The formulation of the blends 
given in Table 1. Both CR and ENR-.'iO were masticated on a 14*6 in 
roll mixing mrll to Ihe same Moone/ viscosity and wore btended on 
mill for about 6 min. Minimum Moonoy viscosity and scorch time 
e deiermtned as per ASTM 0 1646-I9fi3 by using Negretii automa- 
Mooney sfiearing disc viscometer modr’ i MK III Rhcographs of thr> 
idc v/ore taken at 180” C on a Monsanto rheometer R-ino Thf: 

ifids were cured at 180 "C for 60 mm rho following physic^*! propoi- 
of the vulcanisatos wore detcrmineo according to standard tost 

■Ihods- Ten.siifj stfength (Instron ii9 5  iinivefsal tesiing machme, 
M 0  412-75 method A), teat sui’ ngih \ 195 unwefsal iest»\ci
hinr> ASTM D 62J-fl5) using an unnickod 00® anglr» specinion (Dip 

” ^ S V ,re A hardnr-»s5 (ASTM D 22-10-86), rr>r.il*once (Dunlop tripsomotoi 
9i.)j r’art A S.19G.1 mr-thod A), compto'jsion sot (ASTM D JQ&-85 

[ihod B), where the spocmiftns were suhjprtod lo 25 "'o com presfvf’

rablp I F o rm u la t io n  A n d  p r o c e s s in q  r h o r j ic ic f l s l lc s  o f  Ih e  

hlenci

Rlond dOsi9n<ilion 
N  E / 5  ? 5  N  i l  5 0  50

deformation at 70 “ C for 22 h heal build up,Goodncn lte»omeic*r AS^^■ 
D 623-83) with a load of 24 lb. and stroke o! 4.45 n'.'n and amb'eni ler'*- 
perature of 50 *C. abrasion resistance expressed as abrasion loss 
which IS ifio volume in cm> abraded I'om a specified test specimen fo- 
1000 revolutions ol the abrasive wheel (Du Pont abras’on testPf 
BS 903: Part A 9 -  1957 method A)

Dynamic Mechanical Analysis (DMA) was done by Toyo Baldwin Rtneo 
vibron model DDV III EP at a strain amplitude of 0.0025 cm and Î p 
quency of 3,5 Hz The procedure was to cool the sample to 100 *C 
and 10 record the measurements dunng ihe warn up. The tempefai’.ifr» 
rise was t ®C mm ‘

Oifferential Scanning Calonmeter (DSC) studies were done on a Du 
Ponl ihormal analyser model 910 in nitrogen atmosphere Glass l^an?- 
lion temperature (T^) ol ihe sample was taken as the m»dpotni of 'he 
slep m Ihe scan run at a heating rale ol 20 ®C mm ■'.

The volume fraction of rubber (V,) n  solvent swollen blend was cal­
culated from equilihfium swelling data bv ihe method reported by 
and WeMing 18)

V,
(D-FT)/o,

(D-FT)/fj, f Af/o,

N ocp reno  A C  7f>
I'NR
M in ium  M o o n o y  visc.osily a i 1? n ® C

rinfipi'v'■-I'lifri .»1 ‘■'f'T 'I'lii III

SO
so

1 IS thu wfciyiii ot the specimen D is 'is 0 '̂ *>w0 l*un weigni r  rs i^c 
woifjhi fraction ol insoluble components Aj, i.̂  ih f  we>ght of aosofbed 
solvent corrected lor sv/eiling increment, and y. and sre the cl-i^S'- 
tiDs Ot Ihe rubber and solvent respectively ChlcrofoiTi was ustvi ao 'ho 
solveni for ihe present study

3 n c s iills  and  d iscussio n
The rheographs of the blends of Neoprene AC and Ef^lR are 
shown in Figure 1. CR alone is reported to undergo Ihormovul- 
canisation |9], It is not known whether thermovulcamsation of 
Neoprene AC will take place in the presence of functionally ac­
tive rubbers like ENR. In a blend of Neoprene AC and a rubber 
which docs not contain active functional groups (for pnami^lc, 
NR), rise in rhoomelric torque, il any. in the blend. v/ili be dur  ̂to 
thermovulcanisation of Neoprene AC only, Accordirigiy, for 
comparison we have taken rheographs of blends of Neopr«ne 
AC and NR. The blend compositions of Neoprene AC-NR 
system were chosen to be the same as tho Neoprene AC'ET’R 
system. II is believed that in the same blond composition rneci- 
metric torque in the Neoprene AC-NR syslem corresponds ?o 
thermovulcanisation alone while in ihe case of !he Neonrsni* 
AC-ENR system the torque rise corresponds to thermovuica 
nisaiion of Neoprene AC as well as self-vulcanisation between 
Neoprene AC and ENR. At a particular cunng t;me ‘he diffi-'?ren- 
CO in the two torque values will corresponrl to the torque nue 
sell vulcani'jntion The cafculatod rrn'ogrnnhs Ihus obtained '-i'*. 
sfiown in Figure 2 Although both ENR and Nooprent) A C  d'»? 
soluble in chloroform, the moulded blend is insoluble in the 
same solvent showing thereby ihat each blend const'tuent c£i'> 
rrosslinked by the other during mouldinq The weight los*̂  after 
4fl h ol immr»rsion in chloroform is less than IS® ' for th*> h''. 
showing Ihnl during vulcanisalion t)0(f̂  fN R  and Neopr*’ !!.'; '<<' 
gots crosslinked lo a largo extent. Ttus ;s .iiso evidon; f'oin v 
(volume fraction of rubber in Ihe swollen vulcanisate). sho^vn in 
lahlo ? The crosslink dnnsity w^hicb can b(! rogardod as proi':'' 
tional to V IS high when the Neoprene A C  contenl is high A 
plaupibie mechanism of self-vulcanisation between Neopf?^P 
and ENR is shown in Figure 3

The vo»y tont) scorcl^ tui\e lot the blonvts ol Neoprone AC 
ENR shows good processing safoiy T '̂*' nroressing ctiar.v'tO' 
ri'^lir? nrr 'ituvvn in T.aplr 1



L

c 2, Calculated rheographs o( the solf-vulcanisable Neoprene AC- 
blcnds after deduciing .ihe cffect due to Ihermovulcanisation ol 

prene AC

?  P h y s ic a l  p ro p e r t ie s  o ( Ih e  b le n d s  m o u ld e d  M t B O ^ C  

fo r SO inin

R io n a  d r r . ig n a iio n
N -E 7 5 .2 5 N E 50 .5

§>• M odu lus 30 0  ®'Q in  M P a 1.8 1,1
£  Ter»silo S l 'e n g t t i  in  M Pa .5.7 1 6
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H e jl n u ild  u p  by ( lo o d n c h  lio y n n 'e to r

; ia )T  in  « r 11,0 -
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The physical properties of blends are shown in Table 2. Higher 
proportion of Neoprene AC  in Ihe blend results in improved 
physical properties. The stress-strain curves are shown in F ig ­
ure  4 As Ihe proDortion of Neonrene AC in the blend increases, 
compression set. abrasion loss and heat build-up decreases 
However, resilience values do not show any change

Figure 4 (nghl) Stress sirain curves o( 
blends of Neoprene AC and ENR

'  — NfOfifenf AC 
— TNO 0̂

Figure 5. Plots of 
damping (tan d) versus 
temperature for Neo­
prene AC, ENR and 
blends of Neoprene AC 
and ENR
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« > 9 3  Crosslinking reaction belwoon ENR and Nooprene AC tn Iho 101



Dynamic storage modulus or elastic modulus (E'), dynamic 
viscous modulus or loss modulus (E ") and damping (tan A) at 
different compositions are shown in Figures 5 to  7. The tempera­
tures corresponding lo maximum damping and maximum 
viscous modulus, were a s taken as T^s. The T^s of the samples 
ttius obtained are shown in Table 3. Pure E N R  shows a main re­
laxation at Tg and a relaxation corresponding to motion of side 
groups In the glassy region as seen from plots of viscous mod­
ulus and damping versus temperature (10). Neoprene AC  in the 
glassy region does not show any transition other than T ,̂ In the 
Tg region as a general trend loss modulus and damping in­
crease until they attain their maxima and then fall with increase 
in temperature whereas the dynamic storage modulus (alls 
rapidly to the level in the rubber elastic region. Pure E N R  shows 
single transition in the Tg region. Pure Neoprene AC  is observed 
to show two transitions in the rubbery region as reflected from 
plots of damping and elastic modulus. For Neoprene A C  there is 
asharp transition in elastic modulus around -  46 °C and a slow 

j transition around -  13 to + 3 6  ®C. In the plots of damp- 
srsus temperature the maximum damping occurs at 

-29®C.

r.ib le  3  Tq a n d  w id ih  o f  T ,  z o n e  In  N e o p re n e -E N R  b le n d s  

i T „ in » C

D M A DSC

Width ol /onf 
tn DSC 

\heimcKitam 
Cta n  f> 6 ” A T  in

N e o p re n e  AC 24 37 - 3 7 9
N -6  7 5  2S -2 7 - 3 3 - 3 f , 17
N -E  5 0  SO - 1 3 - 2 2 - 3 3  : 2 i
E N R -5 0 -  6 -  13 - I f .  ' 12

Figure 8 DSC ther­
mograms ot Neoprene 
AC, ENR and blends of 
Neoprtjne AC and 
ENR

■EMRSO

•60 •fiO • to
Temocro

K

This broadening show s partial miscjD'l'ty of the components iri 
the blend Vuhov/c et al. 116] while studying compaHbitity 0 ? 
poly(2,6 dimethyl 1,4-phenylene oxide)'poly(fluorostyrene-co 
chlorostyrene) have observed that there is increase in Tg width 
of D S C  thermogram with blend composition till there is phase 
separanon. In an immiscible system the Tg width of the D SC  
thormograms in the blends is the same as the T, width of D SC  
thermograms of individual components The magnitude of this 
broadening and the transition width temperature (AT) is shown 
in Table 3. The difference in transition temperature obtainec 
Irom D M A  and D S C  results, iS due to different nature ot re­
sponse in molecular segments ot samples m the two techniques 
of analysis

*h Neoprene AC  the first sharp transttion observed in damping 
and elastic modulus is due to transition from the glassy to the 

[lubbery slate, and the second transition is due to the melting of 
(Crystallites in the polymer as it contains abovjt 9 0 % t ra n s  i .4 
ifiguration of the chloroprene unit m C R  (11j Development of 
yslallinily al low temperatures for elastomers which are sub- 
anlially amorphous at room temperature have been reported 
griier (12. 13).

elaxation shown by pure E N R  is absent in the case of 
of Neoprene A C  and ENR. This shows that there is inter- 

Sion between the blend components. Absence of secondary 
(axation m blends, due to the interaction between blond com^
Kients have been reported earlier (14 15] In blends of 
wprene AC  and E N R  there is considerable broadening of the 
zone This shows that there is microlnvel inhomogeniety i e 
ifltal miscibllity for the blends. W hen the Neoprene A C  content 
increased the transitton to rubbery region starts at a lower 
mporature. In Neoprene A C -E N R  75:25 blend the damping is 
gh in the region -  27 to -f 9 ®C. However, maximum damping 

, observed at -2 7 ® C , In Neoprene A C -E N R  50:50 blend the 
r iximum damping Is observed al -  13 ®C and the damping is 

jhinthe region - l 3 t o  + 50 ®C. The transition in elastic mod- 
ttoccurs in a wider range of temperature, -  43 to -  6 °C for 
fcoprene A C -E N R  75:25 blend and - 3 0  to *-50°C  foi y \ \ 2 )  
toprene A C -EN R  50:50 blend This wide temperature range 
'nansition m the Tg rcg»on is also observed in the loss m odu lu s/^   ̂  ̂
^ o f  the blends Thus the blends show high damping over a '

■ g ran ge  of temperature depending on the blend ratio

"rnthermograms as shown in Figure 8 gives adrtitioni^l support 
the partial miscibility ol ENR-Neoprene AC  blends

4 C o n clu s io n s
It IS concluded that mill mixed blends of E N R  and Neoprene AC 
form a self-vulcanisable system when moulded at 180 ®C. These 
blends are partially miscible. The system shows high damping 
in a wide range of temperature depending on the blend ratio 
The extent of self-vulcanisation also depornls on the blend ratio 
Higher proportion of Neoprene AC  in the blend shows highcf 
crosslink density and improved physical prooerties
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