
Figure 11

Comparison of the Foam Density of
Aqueous Solutions of Selvol 823 and
Selvol 523 PVOH 
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Higher foam density indicates less foam.
60 minutes after agitation in a Waring 7011 blender Model 31BL92.
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The improvement in solubility of the Selvol 
800 grades is shown in Figure 10.  Attempts 
to dissolve the different grades of PVOH at 
25 °C for one hour result in Selvol 823 being 
almost completely dissolved, while Selvol 
523 is only partially dissolved, as measured 
by % solids.  Another indication of the 
improved solubility of Selvol 823 over Selvol 
523 PVOH is the amount of undissolved 
PVOH in the solution, measured as % Gels.  
Gels may register as soluble material, but in 
fact are soft, translucent particles of incom-
pletely dissolved polymer.  The % Gels of the 
materials was measured as the amount of 
material which could not be filtered through 
a 325 mesh filter after two hours at 25 °C.  
Selvol 523 has approximately a 4% higher 
gel content than does Selvol 823 PVOH.  
Although the result of this laboratory test 
shows almost complete dissolution of Selvol 
800 grades at room temperature, this is not 
recommended in production.  To ensure 
complete dissolution, please refer to the 
procedures outlined in our Selvol Polyvinyl 
Alcohol Solution Preparation Guidelines 
brochure (Pub 2011-PVOH-1060).

Because Selvol 800 PVOH grades contain a 
proprietary dispersant/defoamer, aqueous 
solutions of these materials foam less than 
aqueous solutions of their standard grade 
counterparts.  Foaming was evaluated using 
a high speed Waring blender and a 10% 
solids PVOH aqueous solution.  The solution 
was agitated in the blender for 10 minutes 
and then poured into a graduated cylinder.  
The foam density was then measured after 
60 minutes.  The Selvol 823 solution was 
almost completely devoid of foam, while the 
Selvol 523 solution was still extremely foamy 
(Figure 11).  The presence of foam can affect 
the particle size of the emulsion and also 
slow down initiation of the polymerization 
because of air entrapment.



HINTS FOR USING PVOH AS A PROTECTIVE 
COLLOID IN EMULSION POLYMERIZATION

The effective use of PVOH as a protective col-
loid in emulsion polymerization requires the 
selection of the appropriate grade of PVOH 
and the appropriate process conditions.  By 
combining the appropriate grade of PVOH 
and process conditions, one can produce 
emulsions with the desired properties for a 
given application, while minimizing batch-
to-batch variability.  In some instances, small 
changes in the process conditions and/or 
amounts of raw materials being charged to 
the reactor can produce differing emulsion 
properties such as viscosity and coagulum 
levels.  Table 10 illustrates how these condi-
tions can affect the emulsion properties. 

Complete PVOH dissolution is critical

To ensure consistent performance from 
PVOH as a protective colloid, one must first 
make sure that it is properly dissolved and 
that the proper amount is used.  Complete 
dissolution of PVOH is achieved by following 
the procedures outlined in the Selvol Polyvi-
nyl Alcohol Solution Preparation Guidelines 
brochure (Pub 2011-PVOH-1060).  Incom-
pletely dissolved PVOH means less PVOH is 
available to stabilize the emulsion.  This may 
result in a less stable emulsion exhibiting 
a high coagulum level and low emulsion 
viscosity.  Inversely, a high emulsion viscosity 
may result from a high PVOH content.

Blending PVOH grades

When combinations of PVOH grades are 
used to achieve the desired emulsion 
properties, care must be taken to ensure that 
the correct ratio is used.  Differences in the 
amounts of high or low molecular weight 
grades can affect emulsion viscosity.  Too 
much of a high molecular weight grade of 
PVOH will cause the emulsion viscosity to be 
high.  Differences in hydrolysis level will also 
affect emulsion viscosity (see Table 8 and 
Figure 6), as well as the stability of the emul-
sion.  If too much of a high hydrolysis grade 
of PVOH is used to produce the emulsion, 
the emulsion viscosity will be low, and the 
emulsion may have higher coagulum levels.

Process variables

Process variables such as the temperature 
of initiation, run temperature, reaction time, 
and the type of initiator can impact the final 
emulsion properties, especially emulsion vis-
cosity.  When comparing emulsion viscosity, 
one must compare viscosities at equal solids

levels.  High emulsion solids levels result in 
higher viscosities.  In addition to the solids 
loading of the emulsion, the particle size and 
particle size distribution play an important 
role in determining the emulsion viscosity.  
Process parameters that can affect the par-
ticle size are the initiation temperature, the 
type of initiator used, and the grade of PVOH 
used as the protective colloid.

Using higher hydrolysis grades of PVOH

The use of high hydrolysis grades of PVOH 
results in the production of emulsions with 
larger particle sizes and lower viscosities
than emulsions produced using partially
hydrolyzed grades of PVOH.  Because PVOH 
also grafts to the surface of the emulsion 
particle to provide stabilization, changes in 
initiator type, or in process variables that 
may affect the efficiency of the initiator, will 
impact the grafting efficiency of the PVOH 
and its ability to stabilize the emulsion 
polymer particles.  These types of process 
changes can also affect the particle size of 
the emulsion and result in differences in 
emulsion viscosity and possibly coagulum 
levels.



Figure 13

E�ect of Hydrolysis Level on the Surface Tension of Aqueous PVOH Solutions
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POLYVINYL ALCOHOL–
GENERAL PROPERTIES

Solubility

All Selvol PVOH grades are readily soluble 
in water.  Other solvents include dimethyl 
sulphoxide, acetamide, glycols, and dimethyl 
formamide.  The conditions for dissolution 
of PVOH in water are primarily governed by 
the degree of hydrolysis, but they are also 
influenced by molecular weight, particle size 
distribution, and crystallinity.

Optimum solubility occurs with PVOH 
grades that have a hydrolysis level between 
87-89%.  Grades in this range are highly solu-
ble in cold water.  However, for total dissolu-
tion, it is recommended that, after the PVOH 
is added to the water, it must be heated to 
185-190 °F and held at this temperature for 
30 min.  Higher hydrolysis grades require 
higher temperatures (200-205 °F) because of 
the increased hydrogen bonding associated 
with its lower acetate levels.  Please refer to 
our Selvol Polyvinyl Alcohol Solution Prepa-
ration Guidelines brochure (Pub 2011-PVOH-
1060) for additional information.

Surface tension

Because PVOH contains both hydrophilic 
hydroxyl groups and hydrophobic acetate 
groups, these compounds have some 
surface activity.  This results in aqueous 
PVOH solutions having surface tension 
values lower than those of pure water.  The 
surface tension of PVOH solutions varies 
with concentration, temperature, degree of 
hydrolysis, and molecular weight.  In general, 
the lower the hydrolysis level, the lower the 
surface tension of the aqueous solution, as 
shown in Figure 12.  Surface tension also 
varies when comparing grades of equal hy-
drolysis level but different molecular weight 
(Figure 13).  In this case, materials of lower 
molecular weight have slightly lower surface 
tension values.



Table 12

Recommended Biocides for Use with PVOH Solutions *

Biocide
Kathon LX

Dowicil 75

Supplier
Dow Chemical

Dow Chemical

Use Level
<50 ppm

1000 -  2000 ppm

*Note: The FDA compliance status of the recommended additives should be veri�ed with        
  the respective manufacturer. 

Figure 14

Speci�c Gravity of Selvol PVOH Solutions as a Function of Concentration at 
Various Temperatures
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Foaming

Aqueous solutions of PVOH, because of their 
low surface tension, have a tendency to 
foam.  Foaming is dependent on the level of 
hydrolysis, as well as the mechanical dynam-
ics unique to each preparation and end use.  
Partially hydrolyzed grades of PVOH are 
more susceptible to foaming than solutions 
of PVOH with higher degrees of hydrolysis.  
In order to minimize foaming, the following 
suggestions should be followed:

1. Agitation should be sufficient to move the  	
    water surface without whipping air into 	
    the system.
2. PVOH solutions should not be boiled.
3. Recirculation and/or feed lines should not 	
     be placed so they introduce air into the 	
     system.

In addition to following the above guide-
lines, it may also be necessary to add 
defoamers to the PVOH solution.  Table 11 
lists several recommended defoamers for 
use with PVOH solutions.  The advantage of 
Selvol 800 grades is that little or no addi-
tional defoamer may be required.

Preservation

If PVOH solutions are stored for longer than 
24 hours before use, it is recommended 
that a biocide be added to prevent biocon-
tamination.  See Table 12 for recommended 
biocides.

Specific Gravity

The specific gravity of PVOH solutions 
depends on concentration and temperature, 
but is independent of PVOH grade.  Figure 
14 shows the specific gravity as a function of 
concentration at various temperatures.

Table 11

Recommended Defoamers for Use with PVOH Solutions *

Defoamer
Antifoam 116

Industrol DF 132

Supplier
Harcros

BASF

Use Level
<1 % d/d

<1 % d/d
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