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2 ¢ PVCY *J%‘é—% zr= 710 g 4% NBR(butadiene acrylonitrile) 118 o] &3l 1
l& PVC HEAHE A7) 43 d78 FP39rt. 34|, PVC/NBR &3], 7tux) 2 7w
EAA, zE]a 7hAATE DEuig 2 celldElol mlAlE 9FE zARBET ZExAE AC
(azodicarbonamide) 2} OBSH(oxybisbenzene sulfonyl hydrazide) & 430 FSuj T XA 7o)
S9E2HE= g3} e NBRY %& PVC 100phrel] ths) 30phr FE7} o] A4Ho|dtt. 7t
At d=Eo2 AL S B} 7uEAAE LA S A ALRSH Sl 7] celle] £ "6}9313}
7}4# DOP(dioctyl phthalate)el]l ESO(epoxydized soybean oil)& Zo] H7INRSuw]
cell P 2E 7H) = 2EXE . FH AN Y4 L2 AR EE FUE VIEA 1
120 psig 23} skt

Abstract : The effects of chemical blowing agent, composition ratio-of PVC and NBR, cross-
linking agent, and plasticizer on the blowing ratios and cell status of foams were investigated
for PVC/NBR blend systems. The optimum composition ratio of PVC/NBR was 100/30. The
mixed system of AC with OBSH as blowing agent makes shorter blowing time. The use of ac-
celerator together with crosslinking agent resulted in a more stable cell structure. The foam
with exellent structure was obtained at mixture of DOP and ESO as the plasticizer. The ten-
sile strength of PVC/NBR foam produced at an identified optimum condition excéeded the in-
dustrial standard value 120 psi.
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¥ 5. PVCe FslsH(F)olA] degZ ol
oaf Az FIE 8009 straight F+AE AHE
3tgith. NBR %= acrylonitrilel ANJ9] gFefo]
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Table 1. Typical Compounding Process in Bra-bend-
er Plasti-Corder

Ingredients
added
NBR Rubber 50

Time' Temp.? RPM

Time

Start 80C 60°C
2min 80°C 60C PVC Resin 50
4min 85T 65°C Additives 50

115 case of using ADCA as a blowing agent.
2 case of using OBSH as a blowing agent.
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Table 2. Fomulation of PVC/NBR Blend Compounds
Compound designations(phr)

Ingredients A3 A4 Bl Bz B3 B4 Cl1 Cz C3 C4 C5 DI D2z El F2 B3 B4 E5
PVC 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
NBR 50 50 50 50 15 30 50 70 50 50 50 50 50 50 50 50 50 50 50 50
DOP 30 30 30 30 30 30 30 30 60 40 30 15 - 30 30 30 30 30 30 30
ESO 30 30 30 30 30 30 30 30 - 15 30 40 60 30 30 30 30 30 30 30
ADCA 5 10 15 10 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
OBSH T
CaCo;, - - - - - - - - - - - - - 510 - - - - -
Sulfur e N A A
DCP e S G
CZ/TT .V
BZ806P 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
DLP 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
10ceAA 282t 27E A9 F PVCE % ol Ao QAT E AR
T o] 48 Fob 30-50rpmoz EHEULH '
PVC/NBR A|9] #2400l £5(T,) Wahg DSC T=FA
(Du Pont 2000 thermal analyzer) 2 A}23te] = ojlu, T= QAAE (psi)ol T Ax AHS] oy
A¥stgach. B H9) cell ¥AHS Olympus SZ-PT A (in?)e Fi Aldo] Autsgl e we] Austs
Microscoped AHgsle] FAlSIRT (pounds) & YERACE.
WEXHY AE D LFAY. Wz Brabender
Plasti-Corder& A3t olgl] Table 19} v o A3 9 33
2 E&(mixing)dt¥om additive®] BHFS
Table 29} 2t} Mixing® EEEL 714¢E7)90 PVC/NBR 79 94, DM
A 90T(£37T), 1~15tone] Yo 2 Y=Y ARE A4 T4 Aecte) A9 BAsHER
3] sheet type 02 RHERITH. 1A S 7R 2em, g} dojuke A BAY Ash eldEnt
AZ 2eme] Ao BTk FAE A2 AR weha] PVCol 178 W7t e u, 5 A2
€ 3FE o melaznHE FHste] P Aaxe) Y g selshs e FascS 0 B oy
ake Askaich ol A48 PVC/NBR Bal=ro) 24 s
UF¥AIF L convection ovenollA sl oy, of W T, o ¥ss Fig. 1ol YepiTh 2
NPeE HAE 180TolA ZI0T7AN 10TH  Qola wE AAH A 2ANA hbe) fe)de]
WA R T, AI7F 7HAE 2RA] 4871A] 3024 o5 2 woloza ALl Qe AYL ¢ 5 gl

HEA7 Patairt.
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KeR
=4

&4 = ). olA & AN #gfe] 23~45 wt.

(tensile strength)®] £%-& ShimadzuAle] Inst- %< NBRZ} PVC7F A&4ol Utk= G.A.
rong ©]&ste] 424 500mm/ming #4138} Zakrzewski 59 B1olT 2 dsigirk 22
AA Aol daEle Yol AtielEse A8 BE o] A w¥A 927} dsls s s B
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Fig. 1. DSC thermograms for PVC/NBR melt blend
system with the heating rate of 20°C/min at sec-
ond heating runs. PVC/NBR wt. ratios are (a) 8 :
2,(b)6:4,(c)5:5,(d)4:6,(e)2: 8.
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Fig. 2. The effect of blowing time on the blowing
ratios of PVC/NBR blend systems with blowing
agent content and blowing temperature as parame-
ters . O ; ADCA 5phr, @ ; ADCA 10phr, V¥ ;
ADCA 15phr, ¥ ; ADCA/OBSH 10/5phr.

closed cell P2 E 7|UE 3~ Q& Ao7 Ay
ol WEAIF °] &3ttt

644

(b)

Fig. 3. Photomicrographs of PVC/NBR (100/30)
blend foam produced at 2000C ( x26), (a) 210 sec,
blowing ratio 13.1 ; (b) 150 sec, blowing ratio 4.40.

332 ¥ A (Chemical Blowing  Agent)
[CBA]®l 9%. 2xuj& 10~15 vio) uujgS
A7) YafA Q= CBAS &g AN S8l
CBA9 kg wHEAFIHA (Table 22] Al-A4)
YolF & 190°C ¥ 210°C oAl Alzte] W)

2 ayu&S AR o ARE Fig 26 Y
ERQlTh. dlgdth2 el ADCAS geFo] F7h
S4E BNEEE ol on, 10phry o-‘?— s
Eajgol 1 10uf Y= 15phre] 744 a1
12~14v12) v &S 4& 5 UAATH ADLA«J o
2] AR AAEE 71A=ELe 200mle]ar OBSH
= 125mlejt}. 28 %S AHE w ADCAS
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Table 3. Blowing Ratios of PVC/NBR Blend Systems as Affected by Aging Time and Temperature

Temperature(C) 200 210
Time(sec)
120 150 1 1 4 5 150 180 210
PVC/NBR Ratio 80 210 240 7120#7 13 0
100/70 1.99 1.70 2.81 3.42 4.56 3.47 3.68 2.70 4.77 7.61
Blowing ~ 100/50 154 311 381 545 —— 209 256 537 142 ——
Ratio 100/30 173 440 711 131 —-— 366 641 823 151 ——
100/15 306 498 132 146 —-— 708 157 152 163 ——
* NBR blend ratio per PVC 100
SFujgol A JERAMAT OBSHE 7A$: M—
RHRAL oS- wol o] BalA} 71R14 el o e
7184 2 g3k31, NBR 5910] 484 E $7] #r . 7
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ADCAd| AsF9l OBSHEZ Z3siA Abgsiy & %‘ 6 L ]
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B 23 EF AA gl o2 Aol o 2 |
20~30% HE FoIEgIth. ole @ AFL 210T &
= 0 . 1 1 1 1 i 1
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PVC/NBR E§wl9 9%, o7jx= PVC Oven residence time ( sec )
100p-hrell dish NBRQ] <& 15, 30, 50

70phr2 W3AZ] 5 LEe & celle) A =
7FA) Zdol| vix= NBREESY A2 HHEY
TH(Table 22] B1-B4). o0]59] 25 @ A7t
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A BiE ZAE NBRY ghgo] F7184& 22
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= T2 FurE FT7HAA AU LA
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go T/t VA2 T2 ¥ g ¢
=ASE 295l 71dEte Aer Bt w
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Fig. 4. The effect of blowing time on the blowing
ratios of PVC/NBR(100/50) blend systems with
crosslinking agents and/or acceleratorss and blow-
ing temperature as parameters : O ; S 1phr, @ ; S
2phr, 7 ; DCP 2phr, ¥ ; S/DCP(2/1phr) and CZ/
TT(3/1phr), [1; S/DCP(2/1phr).
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Fig. 5. Photomicrographs of PVC/NBR blend foams ( X 26) :

in Table 4.
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S ZM(Table 29] E1-E5) ¥ojx|= WEx o)
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Fig. 50l 2+Z} YehliQlct. Fig. 59 dv|3 Alxle
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Fach sample’s preparation conditions are given

0.5mm o4& Bgog Brditt, DCP 2phr A

7ke] - FHamjgol 9ujE P@x) EaL cellAe)

= OEESIY. o]7e DCPo) gd&2a) 2571 42
k. g 258t Yy 2, o] systemo)

7bwAlzM DCP7F Hefsla) 7] wigoe 47

Hth. 32 Iphre} 2phr H7ls)

3 ET 200°Coll 4] 2phr H7ls|E 7ol 2wy
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Table 4. Preparation Conditions of Cell Products Shown in Fig. 5

Compound Foaming Residence Blowing Cell
designation temperature time ratio state
(a) E2 180C 180 sec 2.32 excellent
(b) E2 180°C 240 sec 4.67 excellent
(c) E2 190°C 210 sec 8.61 excellent
(d) E2 200°C 210 sec 13.5 good
(e) E3 190C 240 sec 9.59 good
(f) E5 190°C 240 sec 7.55 bad
L l ] ] 7b HEgA celle] FEi7} PYSHA Ha dAYE
£ gas JA| HE Fef cellol] xHLI=]7]
12| . u) o2k AzHgich.
AREAA(CZ, T §%ol e JTe 3
Z or ) 3 DCP7} 242t 2phr 2 1phr H7be 244
¢ 8 . Bls] BT AFLE 180Tl E 2 zo)7}
K ggiont 200°Cel e vhge] Hu 3wz Vb
Coer i 2078 B4 & 97 A dehdoh =9
4L ) ZFLERAE H7He 3 viEo] 12vja M= cell
A7 $5std o Zta A g Hlbs F22] go
2 : : : Bole 9ul BEAA B cellFe7t YubHn.

150 165 180
Oven residence time (sec)

Fig. 6. The effect of residence time on the blowing
ratios of PVC/NBR blend systems at different DOP
/ESO ratios. : O ; DOP/ESO (60/0), @ ; DOP/
ESO (45/15), v ; DOP/ESO (30/30), ¥ ; DOP/
ESO (15/45), O ; DOP/ESO (0/60).

&o] 3~4u) =A detrh e stuAe) 9
E oozt 9= ol dA s8] gasE A
A} 223 1phr ¥} 2phre) A o Be
gas7h HAE7] ol 200C oM o Ho wig
o] doixl oz Azt Fu DCPE 747t
2phr3} 1phr Wol o1& we) vl &L 33 2phr
71 A9 Hlxstant. ol 3| Hrieko)
Zotal AAPEE 7)AFe] Bl wgo),
DCPY At 33 gel 7luAe 487 517)
HWE&og AzkEnk. DCP 2phr H7Egh 3 2& Al
9] &= Fig. 5014 BE 24y wlgods
BAHOZ cell A7 Fu shQiTh. 017 7lu
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oJAL VtuA o g FEI} JlnERE IS F
58 YeEhT ARAoZ celldEl S Euf 3
7hi A (CZ, TTYE ol & ZXA Y celle ©f
A= 108 T 53t o (Fig. 59 a, b} c)
13N A2 %35 (Fig. 59 d)gF cello] dojFc}.
sxnk 7tuA 2 DCPE Yol& ZA9de 7~8
vlol A AltA oz cellde)7t B3ttt (Fig. 5
9] f). Fig. 58] (e)x= 7l A7l FAATH
7tEAE Yol &2 FFEA (DR cell
el 7E Z23E 4 4 Ul

7t (DOP & ES0)8 9% B AFdx=
PVC 714412 o] AMeH+= DOPE U= H7}
s -9 PVC 7taA| 24 A 988 3}
Ro g d#x ESOE DOP9} &3 H7s 73
g v)wsle] Rti(Table 29 C1-C5). Fig. 6
oAl B ZAAYE AHHA HEEL AMZE H|x
st en, 180°CAAE ESO/DOPY Hl7} 30/30
91 A%, 210 CoAE ESO/DOPY H]7} 45/15

So rf
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(a)
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Fig. 7. Photomicrographs of PVC/NBR blend foam

(X 26) : (a) Compound designation C; of Table 2.
(b) Compound designation C; of Table 2.

Table 5. PHR Composition of PVC/NBR Blend
Foams in Table 6

o)

Recipe 0 m IV VvV VI VI
number

PVC 100 100 100 100 100 100 100
NBR 50 50 50 50 50 50 50

DOP/ESO  30/30 30/30 30/30 30/30 30/30 30/30 30/30
ADCA 15 15 15 15 15 15 15
CZ/TT - - 31 31 31 - -

CaCO, - ~ - - - 3 5

Sulfur - 2 2 1 2 2 2

DCP -1 1 - - - -

Ao Zxuigol 7 =A ek, gz o
DOPRF AL&3F 429} ESOE 233 ALE ww

648

foit

ok

il

Table 6. Tensile Strength and Blowing Ratio of
PVC/NBR Blend Foams

Recipe number* 1 I II IV V VI VI
Tensile strength 56 70 126 122 183 190 187

(psi)
Blowing ratios 10 10 11 11 10 10 10
Cell state** A O 0O © © 0

* The same as number of Table 4.
** © ; Excellent, A ; Moderate

3l B9, ESOE H7KeH %ol dAH oz =F
F2 &S 4& 7 UG ®£3, Fig 790 o] &
9 cell& YERARA =T cell el DOP0ﬂ ESOE
E3tsle] A7kl ol 8

A4 (a)9] Lol cell 2
cell Z71% (b)Y 40~60% 4ol OJEJEL H] =%
Bl &R (a)7} (b)ell BliA]
Fr}. olet WHZ (b)o] AF 7] Aud o= cell

AL B 4 AUk oA

FEi7E A4 Az &
PVCe 7taA 983 AAAA dgL FAlol 2t
7] YEo2 dekyct.
PVC/NBRA BZA AFAIG. LEAF
Al BlLA cell HEi7F SFESHA] v ol A &
A 215 71502 Table 59 & formula-
tionC 2 A|HE e 190°Coll A} 487 WEA
715 cuttingdte "J"o%E AldE aRth. &4
2 33 o] AFT FHes Hoste] TSt
o X wiE T celldel 2 AGBEE Table

O:ﬂigi—

of YERRIY. doiXl FES AWEE 7tuAE
B2 ke (DY A9 7tuA g YA 7t =
AE ¥x u%% 11) A AFFEF vrg (II)-
(VH) Ao AR Eo) 30~50% vl =R &)

o}, oz %J% 7t 7t '5‘1':3] o] Fo)2)7] gFo}
cellel7} vpms) wjgoltt, shuxg A7l %
Aol ® 27819 A7hl SsA Q1 GRE} 2
Z7}stath(Table 69 VI-VID. o= XA
AHgE CaCO, 7} 7IHAZ ZHEsle B8 celldd
HE #8577 deow M.

]
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