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Study on emulsion polymerization of poly(vinyl ac-

etaete-co-ethylene) using poly(vinyl alcohol)

Yong-Hae, Choi

Department of Polymer Engineering
The Graduate School
Pukyong National University

Abstract

The objective of this study was to examine various physical proper-
ties of a poly(vinyl acetate—co—ethylene)(VAE) emulsion, which is used widely
used as an adhesive, a coating agent, and a felt binder, as well as themultiple
phenomena generated during polymerization. For these purposes, the following
areas were examined: changes-in the viscosity .of VAE emulsions depending on
the types of poly(vinyl aleohol)(PVA) protective colloid used as an emulsifier
in polymerization; changes in the physical properties generated by the graft
as a result of the polymerization of VAE products; the impact of the agitation
conditions, such as the structure of the impellers and the speed of agitation
during polymerization, on the particles of the VAE emulsion; and the impact
of plasticizers that are used widely in the present industry.

Although PVA affects the final viscosity of the emulsion that uses PVA
as a protective colloid, there has been no clear investigation of the physical
properties and viscosity of the VAE emulsions. This study was investigated
looked at the influence of PVA on the physical properties of the final emulsion

in oxidation-reduction polymerization using VAc and ethylene as the main



monomers. The lower viscosity products were obtained from PVA with a low
molecular weight; whereas higher viscosity products were obtained from PVA
with a high molecular weight. In addition, the viscosity and swelling were
also changed by graft and PVA property modifications due to pH changes in VAE
emulsion polymerization. As a result, the rate of the graft reaction increased
with increasing pH and the viscosity decreased awith increasing molecular
weight.

The VAE polymerization using PVA as an emulsifier generates a graft
reaction between the mutual chains during polymerization. This has also been
studied using “C-NMR. The frequent transfer of chains occurred between the
growing VAE and free radicals during VAE polymerization.~The graft reactions
between PVA and VAc opccur in three stages: 1) chain transfer between the
growing molecules; 2) chain transfer between the growing molecule and the
monomer ; and 8) growth by the continuous addition of monomers on the terminal
double bond. Therefore, the graft reaction was initiated by PVA. The H' proton
was separated due to the sulfate ion radical and it created a free radical
of the VAc monomer to generate PVA-g-VAE.

PVAs with different molecular weights were used to calculate the rate
of the graft reaction.of the-VAc'by measuring the particle distribution. When
the ratio of the VAc monomer toPVA in water was low, it exhibited a gel effect
and the particles were distributed widely. In addition, gel particles and
precipitates created nuclei continuously. This is contradictory to the general
notion that there is a close relationship between the final number of particles
and the ratio of monomers. This indicates that the graft reaction, which is
generated in a broad range of areas by PVA, takes place in wide regions.
Different types of agitators were used to study the impact of the agitation
conditions on the VAE emulsion polymerization.

The emulsion polymerization of the VAc, ethylene and N-methylol
acrylamide was performed with a wide range of agitation speeds using a flat

Rushton impeller under high pressure. The particles during the reaction were

VI



measured through capillary hydrodynamic fractionation (CHDF) and the number
of particles was calculated by CHDF. As a result, the size of the particles
grew consistently due to the monomers being provided consistently. The process
of coagulum formation during the reaction was also examined. The formation
of coagulum increased at a conversion rate of more than 20 %. The formation
of the coagulum was influenced by the types of impellers and agitation speeds,
which were varied based on the operation and reaction conditions.

Di-butyl phthalate, which is used commonly as a plasticizer to regulate
the physical properties (e.g. Tg) when used in a VAE emulsion, was integrated
to study the changes in the physical properties according to the quantity of
plasticizer added.”The glass transition temperature (Tg) of the dried film
was measured by differential scanning calorimetry. The Tg was decreased with
the addition of DBP, whereas the viscosity of the emulsion was increased with
increasing quantity of plasticizer. In dry films, the plasticizers inhibited
a mutual reaction inbetween the high molecule chains, decreasing the Tg. In
the emulsion phase, the plasticizer permeated into the chains and caused the
emulsified particles-to swell, increasing the size of the particles and the
viscosity. The mechanical properties were decreasedwith increasing quantity

of plasticizer however, thewater resistance was increased with plasticizer.
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Table 2-1. Solubilities of monomers in water and sodium lauryl

sulfate(SLS) solution at 30 C*

Monomer S/WY S/SLS?
Vinyl acetate 2.3 4.0
Styrene 0.03 0.12

Y Soluilityl in water

? Solubility in 2 % SLS solution
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Figure 2-2. Schematic diagram of the early stages of emulsion polym—
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Figure 3-1. Possible mechanism-of emulsion polymerization of PVAc.
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Table 3-1. Applications by monomer compositions in VAE
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Table 3-2. Properties of PVA

Hydrolysis, Viscosity,

Grade
% cPs?

Molecular weight

range

Celvol 805 .87.0 ~ 89.0 5~6

Celvol 823 87.0 ~ 89.0 22 Wm0

31,000 ~ 50,000

85,000 ~ 150,000

D 4 % solution in water
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Figure 3-2. Pilot reactor system for emulsionpolymerization of VAE.
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Table 3-3. Formulation recipe for VAE emulsion

Formulation Component wt %
Vinyl -acetate 45.00
Ethylene 9.50
Poly(vinyl alcohol) 2.00
Zin¢ sulfoxylate 0.10
Hydrogen peroxide 0.20
Sodium bicarbonate 0.03
Water 44 .00
Total 100.00
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Figure 3-4. 10 % wt soluation viscosities of PVA mixture by ratio

10 wt % of Celwol 805 and 6.8 wt % of-Celvol 823.
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Figure 3-5. 6.5% wt soluation viscosities of ‘PVA mixture by ratio

10 wt % of Celvol 805 and 6.8 wt—% of Celvol 823.
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Table 3-4. Viscosities of PVA mixtures as a function of content

of Celvol 805

10 wt % PVA 6.5 wt % PVA

Wt % viscosity viscosity percent viscosity viscosity percent

805 (cPs)? (cPs)? | error = (cP)Y (cPs)?  error

0 1041 1041 0.0 158 157 0.0
10 831 829 0% 135 135 0.0
20 662 662 0.0 116 116 0.0
30 22b 526 0.2 100 o) 1.0
40 414 415 0.2 85 85 0.0
50 PRa 5} 0.0 73 73 0.0
60 253 252 0.4 63 63 0.0
70 194 193 1 53 54 1.9
80 147 147 0.0 45 46 2.2
90 109 110 0.9 38 40 5.1
100 78 82 5.0 33 34 3.0

U Data fit viscosity, cPs

2 Mixture rule viscosity, cPs
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Figure 3-6.- Viscosities of PVA mixtures. used for emulsion

polymerization.
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Table 3-5. Emulsion properties to run pH

Viscosity
Run pH % Solids % Agq. PVA
(cPs)
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Table 3-6. Particle size analysis data
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Table 3-7. Toluene insoluble and properties

Run wt. %
Viscosity
pH Toluene Swell index
(cPs)
insolubles
EXP-01 4.8 58.7 13.4 1502
EXP-02 4.9 70.9 12.0 1048
EXP-03 5.1 63.0 14.8 790
EXP-04 5.4 54 .4 20.7 294
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Figure 3-8. Viscosities versus run pH for PVAc emulsion.
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Table 3-8. Molecular weights and M /M, 6 of the aqueous phase PVA

M, M, M, /M,
EXPAGT 36,700 59,200 1.8
EXP-02 32,500 54,400 1.8
EXP-03 29,400 47,700 5.9
EXP-04 26,300 36,500 1.8
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Figure 3-10. Aqueous phase PVA molecular weight and emulsion

viscosity as a function of run pH.
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Figure 3-12. Synthesis-of PVA by hydrolysis.
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Table 3-9. Effects of M, and hydrolysis on PVA properties

Decrease of M, and Hydroly-

sis degree

Increase of M, and Hydrolysis

degree

Increased Solubility
Increased Flexibility
Increased Water Sensitivity
Increased Adhesion to Hydro-

phobic¢ Surfaces

Increased Viscosity

Increased Tensile Strength
Increased Adhesive Strength
Increased Water Resistance
Increased Solvent Resistance
Increased Adhesion to Hydrophilic

Surfaces
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ion radical, followed by reaction of the free radical of the methine
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Table 4-1. Recipe of VAE emulsion polymerization

Stage Ingredient Mass (%)

Deionized water 24.79
Seeding

VAC 35.50
stage

PVA 0.89
60 min,

KPS 0.07
55 C

NaHCOs 0.01

Deionized water 18.31

VAc oS

Feeding

Mixture Ethylen
stage before 812

. e
150 min’ feeding
PVA 0.89

80 T

KPS 0.10

NaHCOs4 0.01
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B

180 160 140 120 100
(pom)

Figure 4-3.°125.8MHz “C-NVR spectra of : (1) original Poval 217E PVA
used in the recipe (bottom); «(2) watér—soluble linear PVA at 94 %
conversion after acetonitrile/hot=water selective solubilization;
(3) a repeat NMR analysis of (2); (4) water—insoluble grafted PVA
(PVA-g-VAc) at 94 % conversion after acetonitrile/hot-water se-
lective solubilization; (5) separated acetonitrile-soluble VAE at
94 % conversion after the acetonitrile selective solubilization
technique; and (6) a low MW VAE standard obtained from Aldrich, Inc.
All spectra were obtained in DMSO-ds at 323 K.
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Table 4-2. Assignments of the 13C-NMR Spectra of the Samples Shown

in Figure 4-2

Chemical .
Peak Shi £t (ppm) Assignments
A 9035 Unhydrolyzed CH-0-C(= 0)-CHs
acetate
B 9433 Residual sodium (NaOAc)
acetate
CHz on main chain
C 38.55 ~ 38.76 CH(OAc)-CH.~CH(OAc)
(VAc)
D 39.5 DUSO-d6
B 41.18 CH on mainy chaing “sroony ch,- cH(OAC)
(PVc)
F 4490 ~ a4.gq 2 onmainchain oo fep o)
(PVA)
q a5 g0 - a4 G20 Ehe B, o1 ) -Ch,iChcoAL)
chain (VAc)
i 60.18 Ultimate meth— CHy
ylene
CH on main-chain
I 63.16 ~ 63.89 (PVA) CHo—-CH(OH)—-CH;
CH on branch chain
I 65,0867 30 )G g P B $PC ) (M [overlap]
chain (PVA)
K 68.9 Quaternary C atom (OAc)
L 74.07 ~ 74.37  1.9-glycol units Eglz—CH(OH)—CH(OH)—CHz—CHz—CH(O
\ 1,2 disubstituted olefinic end groups C=C or
99.0 artifact of spectrometer corresponding to the
Offset frequency
N 169.19 ~169.99 Carbonyl of unhydrolyzed acetate (OAc)
0 170.19 Carbonyl of residual sodium acetate (NaOAc)
P 140.3 Unknown
Q 33.96 1,2 - glycol units
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Figure 4-4. Amounts of grafted PVA at VAc in VAE.
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Figure 4-5. Rate of polymerization and-evolution of the number of
particles versus conversion for the emulsion polymerization of VAc
using PVA with different degrees of blockiness: Poval 217 (low),
Poval 217E (medium), Poval 217EE (high); K»S:0s = 0.77 mM; T, = 60
°C; 10 % solids.
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Figure 4-6. Effect of PVA concentration on the number of particles,
N,, and on the rate of polymerization, (PVA = 3 %; K;S;05 = 10 mM;
Tr = 50 °C; 30 % solids).
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Figure 4-7. Termination values of the evolution of the monomer

concentration in the particles; [Al] and aqueous phase, LNILV and

p b
the corresponding evolution of the total swollen volume of the
particles, The theoretical profile of the grams of monomer in the
particles for a less water-soluble monomer is also illustrated;

Poval 217EE; KyS:05 = 0.77 mM; Tr = 60 °C; 10 % solids.
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Table 4-3. Kinetic details obtained for PVAc emulsion polymeri-
zations using PVA with different degrees of blockiness: K;S:05=0.77
mM; Tr = 60 °C; 10 % Solids Recipe

PVA Poval 217 Poval 217E Poval 217EE
Rp max x 107 (mole/dm*/s) 6.3 5\5 6.8
X@Rp max (%) 25 27 29
Final Dv(nm)(CHDF) 80.4 64.9 62.8
FinalNp x 10 "(particles/dm®) 2.37 2.9 2.98
(M)pAt Rpmax(mol /dm®) 7.2 6.9 6.7
7 at R p max 0.017 0.018 0.038

_99_



1.0e-1 —

g |
B *
1.0e-2 | ca il
a = ij| 1
Interval I ﬂ-
ﬂ B
—e—- 217EE
-~ 21TE
—h— ¥
1 0e-3 PR SR NN SN TN | T N ST S S . ST [ S R
0.0 02 0.4 0.6 08 1.0

Fractional Conversion

Figure 4-8. Average number of radicals per particle, n , vs.

conversion as a function of the degree of blockiness of the PVA for

the batch emulsion polymerization of VAc; KyS:05 = 0.77 mM; T, = 60
°C; 10 % solids.
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Table 4-4. Average particle sizes of VAE emulsions using PVA with
different degrees of blockiness measured by CHDF; Poval 217 (low),
Poval 217E (medium), Poval 217EE (high); K;S:0s = 0.77 mM; T, = 60 °C;

10 % solids recipe

Sampling
Poval PVA D (nm) D, (nm) D, (om)  PDI
Time

. 448 49.3 60.9 1.36

217 R p max Final
70.1 80.4 97.9 1.40
47.2 50.9 58.6 1.24

217 R, .. Final
64.9 .2 96.3 1.48
52.7 55.6 61.3 1.16

217EE R ;e Einal
62.8 7446 105.2 1.68
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Figure 4-11. Average partiele sizes of VAE emulsions using PVA with

different degrees of blockiness measured by CHDF.
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5-2. A3
5-2-1. 98

VAc (Samsung BP)ol] &t =324 & A A 3}7] ¢35t =33}
710 %A AAEL7] st FF3k] ALt ethylened SKZ4-E
TEEHE AS v ZHY FHAA AFESIAT. NMAE Cyteco =
TEHE TE 48 ¢ AFS AEsth. ARSI AR sodium lauryl
sulfate(SLS, ©4F), 7HA) A= potassium persulfate(KPS, EAFoFE) 3}
sodium bicarbonate(SBC, G4tk )E SSA = AFEatt. TFA] A

L85 B2 o]&8 AA} T ARSI

d

O
r

d

O
r

27 NS baffled] Jar e Aol Wl
BAQS] YAZ HES fA s wEkz| 7 F2Eo] glu, 2% %
7he 3 18 BB o AgkE 7l TRekH(Figure 3-2).

=32 93sko] Table 5-13F #o] VAc, ethylene®} NMAS] &3 wijgin] =
ARESEGlTh, o2 Ao HF AFY 1w 55.61 9E AA AL,
VAc, SLS, NaHCOs#h:iol22 AAAZ FHTODDE T4+ 5, 2
w71 A 80 CollA-FsFstadrk. 7] Hhg2, JAIAl §Ho F
o] % 60 & w<oF M3 th. KPS, NallC0;9F D12 &3HE-2 /A4 &
F, W7o =Y

Folstelem, NMA= 3 ml/mine] X2 & FZE o] 83514
FQlakith. e]ar DI/NMA £0/SLS(18.31/5.03/0.55)% 0.29 ml/mi
o] £ g A I Z o] R3to] FYatrt. vHES 300 rpm 3] HEE
7 & EH W (Rushton turbine) ¥ & e} Z2 =3 (Fluidfoll) 42 HE
o]-g-3Fe] W3 AL (Figure 5-1), vf 30&vjc} Wk-g-7] 2 3-8 2 3 514

11, ethylene ©@3A+= GE &7 |28 45715
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EAsT, AGY dE AAE A7) 95te] Table 5-12 ©] §31,

GHE B R E olgste] weS AAH.

A310 fluidfoil Rushton turbine

axialflow impeller radiai-flow impeller
width = 1 em width =1-cm

diameter = 5.5 cm diameter = 5 cm

Mixing

S Iy T E S

Figure 5-1. Pictures of different type impellers.
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Table 5-1. Recipe of VAc/ethylene/NMA emulsion polymerization
Stage Ingredient Mass (%)
DIV 24.79
Seeding stage VAc 39.90
60 min, SLS 0.89
55 T KPS 0.07
NaHCO; 0.01
D 18.31
Mixture Vic 6.27
before Ethylene 8.12
Feeding stage feeding SLS 0.34
150 min, 80 C NMA 5.03
SLS 0.55
KPS 0.10
NaHCOs 0.01

Y Deionized water
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5-3. A% & 1%
Figure 5-2+= Table 5-19] w3t = o] &3}o] F&3 Mol ths

of TEAIZE] wWE A&ES YeEllAT. T8 A4 F 6020l A H-E

5-3-1. YAt 7] Y= B4

P71 FExE= AADAZTH HTS WE7HA 308
Ao AMHT AZel disto] AR A} A 7] (CHDF 1100, Matec
Applied Sciences)& ©o]&3sto] Z4SIQIE;. Table 5-2¢ % A1

974 [p,]. + B7 974[p,]. 8 As=@eo1[p,J[p, ) Az

S/A, 7D @) @ e welwrh, AN, dm =

'

e (D% ol gstel AN
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6py M M
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Figure 5-2. Overall conversion versus feed time during the feed stage

for the emulsion copolymerization of VAc/ethylene/NMA using the rec—
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ipe in Table 5-1.

Table 5-2. Comparison of the size and the number of particles

CHDF
Time Overall Particle size (nm) Np/10%
(min) Conv. (%) (dm™
D, D PDI
H;0)
Seed 60 min 6.2 203.8 201.5 1.011 10.8
Feed 30 min 20.9 3152 g8 . 7 1.005 9.2
Feed 60 min 39.18 SrmP 370.0 1.003 10.4
Feed 90 min 60.47 420.5 419.4 1.003 10.8
Feed 120 min  86.17 463.6 462 .0 1.003 10.4
Feed 150 min  99.94 5222.2  518.1 1.008 9.2
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Table 5-3. Comparison of the experimental and theoretical particle

sizes based on the recipe given in Table 5-1

Seed Feed Feed Feed Feed Feed
60 min 30 min 60 min 90 min 120 min 150 min

Overall
6.2 20.9 39.18 60.47 86.17 99.94
Conversion (%)

D Expés, #5301 og313.7 370 419.4 462 518.1

n

(nm)  Theoret 201.5 316 380.1-427.8  466.7 501.9
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S 9 FEs= SHA 3 Aol AY A /Y sl
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97 TR S 2ol )91F 5 91 ATk 18 =2 G ol Ae] A

Figure 5-32 VAc/ethylene/NMAS] semi-batch oA 3ol A
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Figure 5-3. Evolution of particle diameter as a function of feed time

in the semi-batch emulsion copolymerization of VAc/ethylene/NMA.
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Table 5—4. Distribution of the coagulum amount in the emulsion and

the reactor

Coagulum amount (g)
Total coagulum

Emulsion ID Agitator
Emulsion (%)
/Shaft/Baffles
Run Number 1 0.43 2.56 0.64
Run Number 2 0.42 1 1 0.54
Run Number 2 0.49 2.62 0.67
Average 0.45 23 0.62
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Figure 5-4. Amount of coagulum present in the diluted emulsion as

a function of the added water.
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Figure 5-5. Evolution of coagulum as a function of conversion.
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Figure 5-6. Pattern formed by the coagulum on the blade of the
agitator (a), simulated flow pattern with a Rushton turbine blade

(b), schematic three dimensional views of the trailing vortex pair

(c)?.
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Table 5-5. Evolution of particle diameter and number of particles

at 300 rpm, 400 rpm, and 500 rpm using the 8 cm diameter Fluidfoil

impel ler
Seed Feed Feed Feed Feed Feed
Time (min)
60 30 60 90 120 150
Size A 202 284 341 378 412 459
300 (o)
1 PDI 1.004 1.005 1.004 1.005 1.008 1.006
rpm

Np/10%(dm>H:0) 1.1 1,8 1.4 15 .14 1.3

S it D, 198 295 356 398 489 465
400 O

nm PDI 1.006 1.004 1.004 1.005 /1.005 1.005
rpm

Np/10VCdg® M0t 2=t 2o 213 1.2 1.3

Size D, 215 327 382 432 463 500
500 (om)

nm PDI 1.005 1.004 1.006 1.006 1.006 1.005
rpm

Np/10%(dm™® H,0) 0.9 0.9 1 1 1 1
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Table 5-6. Evolution of particle diameter and the number of particles
at 300 rpm, 400 rpm, and 500 rpm using the 8 cm diameter Rushton

turbine impeller

Seed Feed Feed Feed Feed Feed

Time (min)
60 30 60 90 120 150

Size D, 201 299 352 390 431 470
300 (o)

nn PDI 1.006 1.003 1.003 1.005 1.005 1.005
rpm

Np/10% (dm™ H0) 1 1 j| .2 1.3 113 1.2

Size D, 201 [ 301 361 395 441 474
400 (o)

nm PDI 1.006 1.004 1.004 1.005 1.005 1.005
rpm

Np/10% (dm™ H,0) 1.1 =7 k.2 1.3 1.2 1.2

Si e D, 216 332 381 439 481 524
500 (om)

nm PDI 1.004 1.004 1.006 1.006 1.005 1.004
rpm

Np/10" (dm™ H,0) 0.9 0.9 1 0.9 0.9 0.9

- 133 -



Table 5-7. Evolution of particle diameter and the number of particles

at 300 rpm using the 6 cm diameter Ruton turbine impeller

300 rpm
Time (min) Size (nm) \
Np/10" (dm™ H;0)
D, PDI
Seed 60 199 1.006 1.2
Feed 30 298 1.004 d. 4
Feed 60 Rk 1.004 143
Feed 90 382 1.006 1.5
Feed 120 425 1.006 1.4
Feed 150 458 1005 1.3

- 134 -



A

=

o]

H

7}t
t}.

[e)

=

]

°

4 A (homogeneous—

3 X

belimel ol e 8 A

2 A717F 54

o]
H

°©

1.

FA neFES 300 rpm@ 400 rpmel] A
ANz, 44§14

3

b
L

jj
T

Fo oy 500 rpmol A

s

°©

= =
< T

=

]

2717 W At

]

b
=

]

[e)
coagulative nucleation) ™Y

e TG S N S N S R L B
o o W B W N o= G
= XE oy B ok o oo Yo

BE ooE Ao, ® oy Bodoy ® oo
7 T A BT g Calss
GRS I T S L
T o AR PN o N
U o el e del e
4r o xam Y Koo T 2 "B i
ﬂplDrLo#OMﬂ_]_oriﬁaaxﬂ 7Moqma
T o = X o _1@ =, o 0

GG ™ et NN R
~ o T g o oEoEnmoic._ﬂﬂr%
2o Eon w/ e o YOF
A DT % ™ N = Al
ﬁam‘ﬂigﬂbﬂﬂﬁixﬁﬂo%oWAQl
R D s s BN
7 B b DRSS B ¥
LN S S R N
G R Y P ()
B OB oy = ¥ < 0 oo
;o]mll .Zﬂvl&i..m‘.r].‘l_!d!
%0 N N ‘mﬂ oT.c _EH 1 o = NI ot ﬂl HAH E_l
&H_ oy ‘mﬁ = mmo = ﬁa m _EH iy NM © 'KH
T R T N " w5z o -
wm W P ok o m W B CF /T T2
o N I TR R T
o oy R E R g W
=% W AT Wom Vg T B ow o
NN PR N KT TN oW W

MoNe B SR 4 Ne oF oo T B B O M

Figure

=

=

A R A7)

27) A=} Abo]
- 135 -

A ==

=

pu

] Fejol <
5-7%} Figure 5-8¢] YERATE.

hetero—-coagulation(Tt}

coagulation®.t} o}

=i}
=



N
TP

3 ¢
P ! §
1 g

# Fluidfoil impeller (8cm, 300rpm)

| e

o

0.8 4

8 Fluidfoil impeller. (8cm, 400rpm)
A Fluidfoil impeller (8em, 500rpm)
% Rushton impeller (8cm, 300rpm)
(8cm, 400rpm)
® Rushton impeller (8cm, 500rpm)
-+ Rushton impeller (6cm, 300rpm)
0 T T T T T T

0 30 60 90 120 150 180 210

04 4

Particle number ( N/10'%)

X Rushton impeller

Time (min)

Figure 5-7. The numbers-of-particles calculatedbased on the measured

size under different agitation conditions as a function of time.
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Figure 5-8. Growth rate of particle diameter versus time behavior
during the feed stage in semi-batch emulsion copolymerization under

various agitation conditions.
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Figure 6-1. Poly(vinyl acetate-co-ethylene) structure and effect of

ethylene.
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Table 6-1. Characteristics of various plasticizers

Chemical Structure Remark Application
Di 2-ethyle
hexyl Cell,(COQgH17)2  Compatibility Wide use
phthalate
Low volatility
Diiso nonyl Cable compounds
Cel,(COOgHig) 2 Viscosity '
phthalate Silent for auto
stability
Thermal Cable compound
Diiso decyl '
Cell,(COOyH2)2  stability In-side parts of
phthalate ) )
Anti-fogging auto
Compatibility
Dibutyl Adhesives
CeH4(CO04Hs ) operation low '
phthalate Paints
temp.
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3)

4)

5)

6)

7)

AE 125 + 0.5 TE A= &%) 3A7F o)A W= &

Brookfield AF2] RV+IT & ©]-§3te] 20 rpm &2 43} U}.
Ax77] A : 7taA HIF 3 swelling @ ¢4t 371
ZA3l7] ¢38te] Brookhaven AFe] Disc Centrifuge ®2]¢l

DI-DCP & AR&-st3itt.

Y&/ (Heat creep resistance) : Cotton o] VAE o 3d-& 40
g/m* B =X Z 24 A Ao Ax 5 77 TR fAHE
Azx7)ollA 500 g F5 o]&sto] 3AZF Tk WojA|= Hol&

A& (Elongation) 3?1787 (Tensile strength) @ 2]
2ol 0.5mm F7AZ VAE ol H A S =32 5, A-2ofA] 24 A|7F WX
El; &

o = (F7: 0.26 mm)= FAA 7 TS, Instron A2
F7E ofF 3t A= QTS S A3
7Fal% (crosslinking density)=4 @ 71x% I8

=
ol A 48 A ZHERE FFAIA HORl = AEALZTE VT E de

AP 1, RATA R nEA] Ax HIFO FA HER
B & EE BASY AuEE ALks S

A2 Cottonol 40 g/m S T - 24 A7+ BoF AF-2o A
AZ % Instron A 1715 o] &3le] 23 WS
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Table 6-2. Basic properties of DBP

Spec
Color (APHA) |
Specific gravity«(20 C) 1.048 £ 0.003
Acid value (KOH mg/g) 0924
Ester value 403+3
Thermal stability (wt %) 0.30 |

Specific resistance (Qcm, 30 C) 3.0 x 1091
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Figure 6-3. Tg behaviors of VAE with different wt % of DBP.
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Viscosity,cps

Figure 6-4. Viscosities of VAE with different wt % of DBP.
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Table 6-3. Particle sizes of VAE emulsion with'different contents

of DBP
Owt % 2wt%h 4wt%h 6wt %D 8wt % 10wt %
of DBP of DBP of DBP of DBP of DBP of DBP
D, b2 0.62 0.635  0.643 - 0.638 0.637
D 0.85 0.842 0.869 0.832 0.831 0.896

Polydispersity 1.345 1.358 1.369 1.372 1.381 1.407
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1.2 q

Fraction

* 0 w/t % of DBP
4 wit% of DBP
X 8 wit % of DBP

= 2w/t % of DBP
6 w/t % of DBP
® 10 w/t % of DBP

0.1

-02-

Dw(microns)

Figure 6-5. Particle sizes of VAE with different wt % of DBP.
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*Swelling
*Decrease of particle density

(B)

Figure 6-6. Atomic force microscopic images (A) before and after
adding plasticizer and schematic representation (B) of plasticizer-
adding emulsion particles, which lead the increase of flexibility

due to the decrease of intermolecular attraction between the polymer

chains.
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Figure 6-7. Tensile strength and elongation of VAE films withdiffer-
rent wt % of DBP.
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Figure 6-8. Toluene-insoluble wt % and swelling index of VAE films
with different wt % of DBP.
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Peel strength,lb/inch

Figure 6-9. Dry and wet peel strengths of VAE films with different
wt % of DBP.
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Creep rate, mm/min

1"

Figure 6-10. Creep ratio of VAE films with different wt % of DBP at
77 TC.
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