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Association Behavior of Alkyl-Modified Water Soluble Polymers
—— An Approach Using Viscosity and Self-Diffusivity ———

Yoshimitsu UEMURA*, Hideo HIRAYAMA**, Yasuo HATATE"**
and Peter. M. MACDONALD****

Water-borne associating polymers are defined as polymers which partly associate in water. They not
only show unique physical properties in water but also have found a major industrial application such as
rheological modifiers in paints and coatings formulations. Basically, they consist of a water soluble

backbone to which hydrophobic modifiers are attached.

In this study, hydrophobically modified polyvinyl alcohols, in which hydrophobic modifiers are located
only at one end of the backbone, and their control polymers were tested to know how they associate in
aqueous solution at various concentrations. The final target of this study is to verify if these polymers can
be applied as rheological modifiers in the paints and coatings industry. The techniques used were pulsed
gradient spin echo nuclear magnetic resonance spectroscoppy and rheometry.
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Table1l Polyvinyl alcohols used

Molecular weight

Acetyl content Hydrophobic group

Code name [%]

MP102 11000 1-2 “CoHp

MP103 13000 1-2 “CisHs

MP202 12000 11-13 ~C s

MP203 15000 11-13 ~CoHs

PVA102 11000 1-2 None

PVA103 13000 1-2 None

PVA203 15000 11-13 None
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Fig.1 Hydrophobically modified PVA (top) and its
control polymer (bottom).
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@ PVA203 Acetyl content : 11-13%
Molecular weight : 15000
Hydrophobic group : none

O MP203 Acetyl content : 11-13%
Molecular weight : 15000
Hydrophobic group : —C,,H,5

Diffusion coefficient of PVAs from -CH.- and
-CH-.
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Fig.3 Diffusion coefficient of PVAs from CHs-CO-.
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Fig.4 Diffusion coefficient of PVAs from OH.
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Fig.5 3 of PVAs from -CH.- and -CH-.
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Fig.6 3 of PVAs from CH,;-CO-.
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Fig.7 3 of PVAs from OH.
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Table 2 Viscosity parameters K and n (rotational viscometer)

PVA102 PVA103 PVA203
Concentration n K Concentration n K Concentration n K
[wt%] [ [ [wt%] [ [l [wt%] [ [
0.55 1.02 0.12 0.55 1.04 0.10 1.01 0.90 0.12
1.04 1.02 0.07 1.13 1.04 0.14 3.01 0.97 0.18
3.02 1.02 0.05 2.98 1.00 0.12 5.01 0.92 0.36
4.84 1.04 0.03 5.07 1.00 0.19 7.00 0.98 0.26
6.97 1.01 0.02 7.01 1.02 0.14 9.00 0.94 0.24
8.50 1.03 0.01 8.93 1.00 0.14 10.95 0.94 037
10.96 1.02 0.01 11.20 1.03 0.18
MP102 MP103 MP202 MP203
Concentration n K Concentration n K Concentration n K Concentration n K
[wt%] [-] [l [wt%] [-] [ [wt%] [-] [-] [wt%) {1 {1
0.54 1.16 0.01 0.47 1.02 0.01 0.53 0.36 1.24 0.5 0.86 0.03
1.27 0.72 0.24 2.82 1.09 0.04 2.90 0.40 1.06 1.01 0.85 0.05
5.04 0.76 0.43 5.12 0.78 0.31 5.19 0.37 1.62 3.06 1.08 0.05
9.25 0.48 1.64 4.92 0.99 0.10
11.15 0.55 2.05 7.02 1.00 0.21
13.05 0.53 2.88
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Table3 Result of association degree
Molecular weight * Association degree
PVA MP (-]
Group 102 11000 13400 1.2
Group 103 16400 14800 0.9
Group 203 14500 15800 1.1
* Calculated from intrinsic viscosity at C—0 using [ n ]=2x107M °7®
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