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Abstract: An automated reaction calorimeter was used to directly monitor the rate of emulsion polymerization
of vinyl acetate using poly(vinyl alcohol) (PVAs) having different degrees of blockiness. By using this
technique in conjunction with other off-line measurements of the evolution of particle size distributions,
important details of the process were observed. No constant graft rate period was observed for both low and
high initial monomer-water ratios. The gel effect was observed for the low monomer-water ratio recipe. The
particle size distributions were broad (particle diameter 40 ~ 100 nm) and bimodal. Continuous nucleation was
observed to be accompanied by ‘limited aggregation’ and flocculation during the particle growth stages. It was
speculated to be due to the occurrence of the extensive ‘limited aggregation’ and chain transfer to PVA leading
to grafting.
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Figure 1. Schematic diagram showing the proposed mecha-
nism of grafting onto PVOH via abstraction of the methine
-H by a persulfate ion radical, followed by reaction of the
free radical of the methine carbon with the vinyl monomer
with final formation of PVOH-g-(vinyl acetate).
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Table 1. Recipe of VAE emulsion polymerization

Stage Ingredient Mass (%)

Deionized water 24.79
VAc 35.50
Seeding stage PVOH 0.89
60 min, 55°C KPS 0.07
NaHCOs 0.01
Deionized water 18.31
Mixture VAc 11.3
before Ethy]ene 8.12

Feeding stage feeding
150 min, 80°C PVA 0.89
KPS 0.10
NaHCOs 0.01
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Figure 2. 125.8 MHz C-NMR spectra of: (1) original Poval
217E PVA wused in the recipe (bottom); (2) water-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-VAE) at 94% con-
version after acetonitrile/hot-water selective 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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Poly(vinyl alcohol)E ©]&3}+ Poly(vinyl acetate-co-ethylene) I'Hd F3tollA TE}ZE I+ 5

Table 2. Relative integrals of the "C-NMR spectra

_ Manipulation
Sample Functional Relative Integrals based on Total peak areas: % Integral Area based on CH as 100%
group measured
Ist 2nd Ist 2nd
CH 7932 7741 100 100
Original PVA CH, 7272 7045 91.7 91.0
CH; 1000 1000 12.6 13.0
CH 1054 1158 100 100
PVA-g-VAE" CH, 1179 1189 112 102
CH; 1000 1000 94.7 86.4
CH 8006 7798 100 100
2 CH, 7382 7140 922 91.6
PVA
CH; 1000 1000 12.5 12.8
c=C 57 0.79
CH 1106 1031 100 100
PVA-g-VAE” CH, 1162 1003 105 97
CH; 1000 1000 90 97
CH 6686 6641 100 100
CH, 6536 6668 98 100
2 CH; 1000 1000 15 15
PVA
C=C 84 1.3
CH,
. 52 0.8
ultimate
" A-first extraction.
? Water soluble Linear.
9 B-Repeated extraction.
p 50 - 5e+17
35 P 39.4% grafted [
H 40 4e+17
2 5 37.4% grafted I ]
£ -
é 25 36.7% grafted ol = 1 2es17 ",g-
=4 g [ § ] 3
T 24 e - ] 2
2 ° 0F 2 2er17 &
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Figure 3. Amounts of grafted PVA at VAc in VAE.
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Figure 4. Rate of polymerization and evolution of the num-
ber of particles versus conversion for the emulsion poly-
merization of VAc using PVA with different degrees of
blockiness : Poval 217 (low), Poval 217E (medium), Poval
217EE (high); K»S;08 = 0.77 mM; T, = 60°C; 10% solids.
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Poly(vinyl alcohol)E

Table 3. Kinetic details obtained for VAE emulsion poly-
merizations using PVA with different degrees of blockiness:
K2$:08 = 0.77 mM; T, = 60°C; 10% solids recipe

PVA Poval 217 Poval 217E Poval 217EE
Ry ma % 107 (mole/dm’/s) 6.3 55 6.8
X@Rp max (%) 25 27 29
Final D, (nm) (CHDF) 80.4 64.9 62.8
FinalNp x 1077 (particles/dm’)  2.37 29 2.98
(M)PAL Ry max (mol/dm’) 72 6.9 6.7
fi at Ry ma 0.017 0.018 0.038
G/p % 1
(2], MW"V,
k, = [ M]w =20.1= —Gm,/w . (6)
uw T

aq

60°Col Al Rmax A9 [M],= L&A YAMIA 6.3
~7.6 mol/L A Z T2 AFE F3l €A AduH19].
2 AFdME FHFHoE Mol tsk] 6.9 mol/Le
ol dojHt.

Gm,/p + Gm/w = Gm, (X) = (1 - X) Gm (0) (7)
V — Gm/p Gm/L (8)
P p, <1000  p,, X 1000
Gm, / p Gm / v
Vg = p, > 1000 * P, X 1000 ©)
G, =XxG,(0) (10)

AR dEFA7F YRR FARERE EFAAR L A=
aGFA o o) Als FFE7] "Wl ?47\} A o
A7FE AR Gupi= bowedoll we} AHTE Foll
o dart Aok FosioF & = tl'% 542, A
& BEFT Ve 30% BE7A A Fem Ut
gth= Aolth o9} e Fu|9] FIh= R4 F7Ht
ii E]ﬂﬂ St #AsteE AAE 2 F o o]AL
J/}Oﬂ 711 Ao = -&%Q“’% -’ﬁ T 9] St

35]1"?— HietHl g gl =7t Ae g AE o

2 BFHA Ee
DPE' blockiness= 7]’X]_]_. 9l= PVAE 3=
2 935t 79 AAE ZHe Table 39 YERASIT

N

L mﬁ

nJ:_uJNr

é

3.4. YRRRE EM
Blockiness”} TF2 A 72l PVAE o] &3l 4A} 3

Journal of Adhesion and Interface Vol 12, No.l1 2011

0]8-3F Poly(vinyl acetate-co-ethylene) ©l|'d3

o ZEfZE ATt 7
140 ey T NNN— S ——
B — 20.1%
120 — 405% |
" r 930% —— 651%
T C 40.5% — 87%
E 100_— 65.1% —_— 93.5% -
C — 95%
k] C ‘
R 80 v ‘ -
2 ef .
B [
o C
g 40 - ]
=z C
20 .
ol g
0 20 40 60 80 100 120 140 160 180 200
Particle Diameter (nm)
(@
140_Illi|llll||lll||lll|Ill||llll|llFI|llII|lIII|llII_
B 217EE ]
120 |- ]
5 217E
B 100 - N
o L ]
5 - 217 ]
R 80| ]
2 - .
E I ]
% - ]
E 40 .
S r ]
=z C ]
20 |- .
0-1||; PO O OO U U I O T O O O O o o — - . .
0 20 40 60 80 100 120 140 160 180 200
Particle Diameter (nm)
(b)

Figure 5. Comparison of the normalized particle size dis-
tributions obtained by CHDF as a function of conversion

r : (a) Poval 217EE (highest degree of blockiness) PVA
and (b) all PVA at 95% conversion for the batch emulsion
polymerization of VAc K,S,0s= 0.77 mM; T; = 60°C; 10%
solids.
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Table 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:08 = 0.77 mM; T, = 60°C; 10% solids recipe

Poval  Sampling
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217 Ry max
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~R 472 50.9 58.6 1.24
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217E
final 64.9 752 96.3 1.48
~ Ry g 527 55.6 613 1.16
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Figure 6. Average particle sizes of VAE emulsions using
PVA with different degrees of blockiness measured by
CHDF.
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