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ABSTRACT

The intention of this study is to investigate the properties of polymer blend, NBR/PVC vulcani-
zates and blending procedures such as roll-mixing temperatures and sequences for polymer blending
of NBR and PVC(resin type).

The results obtained are as follows:

1. The roll temperature applied for polymer blending is around 150°C, At this temperature region,
the degradation of rubber stock, which may be caused by heat, can be minimized and mill proces-
sing in practical application in industries can also be facilitated.

2. It is obviously necessary that a small amount of plasticizers should be added to the stock for
improving processibility of roll mixing and physical properties.

3. On roll-mixing sequence, it is more effective that PVC compounded with plasticizer is added
to NBR milled on hot roll.

4. The vulcanizates of the blends with different degree of polymerization of PVC are similar to
one another in properties.

5. NBR/PVC(70/30) blends shows the better physical characters than over-made foreign latex
blend except abrasion-resistance,

6. As PVC addition ratio is increased, the physical properties such as resistance to ozone, tear,
heat and oil and tensile strength, modulus, hardness have also improved, on the other hand, ten-
sion set and rebound character decreased.

7. The curve of ultimate elongation have point of inflection at the ratio of 30~40 part of PVC.

8. While CR is blended, the physical properties such as brittle point, rebound and resistance to
oil in high temperature have improved.

9. Polymer blend of NBR and domestic PVC is applied for the industrial utility such as rubber
sole and heel, electric wire cover and oil-resistant packing, coating and gasket, printing roll, film
for food packing etc.
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Table 1. Standard recipe of NBR/PVC (70/30)
Item Recipe(phr)|| Remark.

NBR 30

PVC 30

Plasticizer, DOP 15 Master-batch

Stabilizer, Cd-Ba, 0.9

Stabilizer, Butyl-Sn, 0.45

NBR 40

Stearic acid 0.7

Zinc oxide 3.5

Carbon black 35

Antioxidant, PBN 0.7

Vul. accelerator, MOR 1.0

Vul. accelerator, TMTM 0. 42

Sulfur 1.0

24 r.p.m)el AL AHg3tgch

292 7NAL 1.0mm=z 2AH 3l NBR & F#asich
<& ulg ¢4z PVC(DP 1030 4=), DOP g stab-
ilizer & ndte] 32 carbon black(SRF), stearic
acid, zinc oxid, PBN & jndled %23 BEagc

oW 29%9 MEE 100+£3°C % 150+3°C = ¥
At
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2.2.1 & &
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Table. 2 Blend rotio of NBR/PVC
Yn PVC c DOP stabilizer | Carb- 200 | sea | PN s Accelerator |Cure time
NBR | ~= . [NV-72ICR-W on n t- at 155°C
DP Cd-Ba [Butyl- N

sample (1000) - % | Sn% black MOR |[TMTM; (min)
A 100 — — — — — — 50 5 1 1 {1.5 1.5 0.6 8.2
B 90 10 — — 5/ 0.3 B 450 4.5 0.9 0.91.35{ 1.350 0.54 11.0
C 80 20 - -— 100 0.6 » 40, 4.0, 0.8 0.8 1.2 1.2 0.48 12.6
D 70 30 — — 15 0.9 » 35 3.5 07 071 1. 0.42 16.5
N —_ —| 100 — — —| 35 ” " nl n " " ”
P 70 30 — —_ — 0.9 » 35 " " " ” " ” 15.2
R 60 30 — 10 15 0.9 » 35 ” " ” ” " ” 16.5
E 60 40 — — 200 1.2| n 300 3.00 0.6, 0.6 0.9 09 0. 36 19.7
F 50 50 - —_ 250 1.5 » 25 2.5/ 0.5 0.5 0.8 0.8 0.3 18.0
G 40 60 — — 30, 1.8 200 2.0/ 0.4 0.4 0.6 0.6 0.24 37.6
H 30 70 - — 3B 2.1 » 15 1.5/ 0.3 0.30.45 0.45 0.18 44.0
I 20 80 - — 40 2.4 »n 100 1.0f 0.2] 0.200.3 0.3 0.12 52.0
) 100 — — 50l 3.0 ~» — - — —_ — — — ‘Coolin g

2o sheet & 0% 200mm 2 Atstz =z gt
B e 100mm & o] Filleld ud KRl
2447 A7t o YRS ESFEH,

AR RS- KSM-6518 o] =2} KS 1 5% 3
B0 [EEA el S 40mm 2 sto 50% 2 5SS
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Z(LRE---KSM-6518 o] =} HERE B (LERER
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BHEES 1501-3°C 28l 2.1.2 8 7] 35l
gal Az A € NE 80+3°C 2 stglch
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sk 1551°C el A 2F A 29 REmERES W
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I. #%mAE Tt iR -KSM-6518 o] w2} No. 3. 715 she 4]
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18 (n¥F=S WEREHL stgch b st 2 EESML O HEEBMESS WEsg
B KSM-6518 o] whe} spring 3% BEFZ RE it TR KSM-6518 o] =}z} Mast Ozone
SHE . Test Chamber Model 700-1% A1-4-3to} BIUR® S
8|25y KSM-6518 o w2} BAl #Egho2 B gith
Bshglch BHEZIR Bt ASTM-D-813-59 o w2} De

RSB IRES -----ASTM-D-1054-55 o w}2} Goody-  Matta Flexing Machine 0 2 A%} TFIF+5 &43
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Table. 3 Physical properties of NBR/PVC (70/30) blended vulcanizates on roll mixing temperatures.

Ttem! re psile strength| Elongation Hardness Tear strength ModulusCkg/cm?)
roll temp. (°C) (kg/cm?) (%) (Hs) (kg/em) | 100% | 200% | 300%
100 165 470 68 78 36 77 115
150 210 590 64 79 26 55 96

100°C H-ZolAl &= PVC 7L £83] 4854 Rdtxn
ZRAA =, 243 B4H ot mESE F¢
—ihe] £4A%R oz A7zl NBR/PVC Y
blend = 150°C o] Aol A EHT LB gt

IR g niaERe] 4otk Table 404 A3 #HE|
B HES A9 vl BB NI TREAA 43 &
TR R KRS N, M, Piko) AR
vk x| BERIERER] I sheet o RETHEH(HR

4.2, NBR/PVC blend 2| E#IR0 kst & Aot BEEEE Niko] v F2 HRE v
4.19 #FRd oot BEREE 15013°C 239 & a9l
Table. 4 Physical properties of vulcanizates on roll mixing sequences

Iteml Pensile Elongation Tear Hardness | Rebound Modulus(kg/cm?) S(};r(i)rkaa-
Mixi strength strength 1gmvu].
sequence | (kg7em? | (%) (kg/em) | (Hs) (%) | 100% | 200% | 300% | (g5

N 210 590 79 64 34 26 55 96 2.0

P 200 570 76 63 33 24 55 95 3.2

M 197 560 87 65 36 31 62 96 2.8

4.3 EAE7: CIE PVC 22| blending.
4.1 2 4.29] #ERo we} PVC Y EAEZT kel
n] %) = o &8 #Ee2A blend ratio & 70 : 30, EHE

| BEE 1503°C, EFIES N@os e w9 n

ol ke Table 59 7
delA QAAE D AA4ge DP10000] 7Ha Ex

Table. 5 Physical properties of vulcanizates on degree polymerizationes of P. V. C.

Item  pensile Elongation | Tear strength| Hardness Rebound Modulus(kg/cm®)
strength (B form) :

PVC (kg/cm?) (%) (kg/cm) (Hs) (%) 100% | 20095 | 300%
DP 800 192 530 77 65 37 31 64 104
DP 1000 210 590 79 64 34 26 55 96
DP 1300 194 450 79 68 33 38 83 115

ddZAE= A u<shd A% 2 modulus = DP 1300 & HEFEFBMES NBR Fako] gobd 3 Mo

o] 7}4 =t} H#3he plasticizer &ERIN A8 P& A& DXt B

DEEE A0 ke DP 10000 £t ¥ 4§
91z DP 13002 tha Flie deio] =idlent A
AAFY case, AFZAL film Fof A F3pA L PV
Co AR BlAE 2 4Fe VA g

4.4 NBR/PVCZ2| blend ratio0] Ll &&

Table 2 9} Fi&ol K3 BEifFEAA PVC g
o] Wobd 5 Bl AolAH (FHEES R
oz 2E) BHREEE =& Ao F7: I sheet

74

HE 22 REE A4t Mooney fiEE PVC 7}
Z7}9 & initial viscosity, minuimum viscosity %
IngEzRe] W= 2 gl ot plasticizer 5N A& Pe
s En]) RS vrebiel AR FE £ scothing 3
ol vebdet (Fig. D

# blend fnzgEee] 31EEMEE L MIRES Fig 2994
A% PVCY jke] Frtd 5 FREEE A E
Moz Sz glont MEREE 70/30~50/500 A

TG



100

90

80

70

60

50¢

S
(=]

Scale units

. . P
@ Experimetal Conditions
. Chart
Feor(rzp. Motor R;;ge Sample
O (mm.) | °
155| 30] IOO,A. D.E.F.N.P
" 60| 100] BHI| T
a 6o 200 CGR|
J
E -
<

10 20
Time (min.)
Fig.1 Determination of the optimum cure time by Rheometer

700

600

300

400

300

Ultimate Elongation (96)

N
&
[=3

oo
<
<

=
=3

160

200

Fig.2 Comparison of tensile strength and
elongation versus NBR/PVC ratio.

30 30 50 * 60

200F

©: 100% Modulus
%0 2009 Modulus

Tensile strength (kgsom?)

Modulus (kg/cm?)

20

A B C D E F G H 1 ]
N Sample
X)
R

Fig.3 Comparison of 100 and 200% modulus
versus NBR/PVC ratio.
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Fig.9 Comparison of volume change on dipping
time on oil resistance (100°C, No. 3 oil)
versus NBR/PVC ratio.
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Fig.10 Comparison of weight change on dipping
time on oil resistance (100°C, No.3 oil)
versus NBR/PVC ratio.
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7



¢ N
14
13
12
~
xR
~ 11
510
Z o9
g 8
E 7
Z -
S
R IS T
2 L SR -
ED D.\“J e _——'9‘
g -
5 R.\"‘]"‘ A N |
29 50 70

Dipping Time in No.3 oil (hr.)

Fig. 12 Comparison of volume and weight change
on various dipping time in oil versus sam-

ple D,N and R.

7} 40 part o] blend & A Eol FFHIAAE A
5 D9 RE 5% 9o &3

100°CelA A4 2 FFAsES 3% A7 9

JLE o *
A
E T ST !
TR S I
lf”]! U | |
IR
el g et .: i
n;|=. i : fy !
”l'| { | l| !
Wl b
:I:I|l Py
X I I ‘
804 AR TR
dfii §L
|
HEENE
||,:'L
i(bed

I
(=}
L

Change of Hardness (degree)

----- ‘170%¢
—_— 11 00%C
60
e - T

N
P
R

Fig.13 Change of hardness at various temperature

after dipped in No. 8 oil, 70 hr.

78

—_—

34 PVC 7 30part o] 422 blend Fo] &-& Ao
o No. 3 7] & Wg &4, =& &340 AL pla
sticizer & fi&shd o £ MWmHES ved & 9F
A 7

Fig.11 ¢ Fig 1214 Z blend Du%ﬁ%—i AAA 7
of & #LEEE 2d A9 N8 A F
gzt e A8 E L Fr vl SEts ved
g %2 PVCE ##3 A8 D, N 2 R A3
2 398t N, D2 RY ¢oz ¥ #ES
Bl ghel MBS EdE 259 4 blend
2 FEHEE 9 & Y

100 2 150°Cel A 7047t No. 3 7] & A3 39
wEELE 19 (Fig. 13) 100°C A& 3ol HHk
o2 Ho}l A9 wv)sdt Aol Aqt 150°C A= A&
A 2 BE BAT URA Axe 25 gy £
23 Az Ao}

100°C o} Al &= PVC 9] ko] 30 part o} 4 blend =
AL WEN S8 2 UTY A Biksld By
=5k ko] S8 LA 7 packing g (IS
K-6380)9] —10~+59 EEEL HedlE ZF Ak
2 & sih

100 2 150°C ol 4 70 A7k AT o) BRIt
1 Ao AL g A 2 BgA 10part BEES PVC
blending ¢ 24 =2l 150°C ol A = R o)
sy =z ke PVC & xto s PVCS 27k
BEL ol 2RAAE £ FE9 S0 Ao A
A,

i

KT

30 ¢ © :1ohr. at 100°C
D 20 hr.
: 30 hr. 7
3 20p X
Nt
<
‘éa ]
g 10f X
7] A ” 7\7‘\‘\
[ aN
= Rx
g oy £ R x
= NX
3
g —10F
5
<«
<
Q
—20 U S Y S S T .
A C D E F G H 1 J
ll\i’j Sample

Fig. 14 Change of tensile strength versus
NBR/PVC ratio.

2GS



Change of Tensile Strength (%)

|
—
1=

1 A A

10 20 30
Aging Time (hr.)

Fig. 15 Change of tensile strength various aging
time on aging temperature of 100°C.

EERES B 78tz gl 710°Cro &
100°C oA 478 A2o2™ Fig.14 2 Fig. 15614 %
LR FIRBET ZNS 5ERBERS Wi £k
#el BIERES S YTt B =2k A
ZaHH A5 NE 0EAA —2 At 24 4
Bo et el fEs 2w PVCY gake) F
714 45 2 Adgo] duhEA vEhdo s MERE
to] vt AL ¢ F U+

Zege] R ETE Fig. 16 2 Fig. 17 o v}t
wolet,

20

10

|
oS
k=)

Change of Elongation at break (%)

&
=3
r

10 20 30
Aging Time (hr.)
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