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CHAPTER 7
Technological assessment
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Starch as protective colloid
The use of native starch as protective colloid is not only interesting from a cost-price perspective 
but also according the principles of green chemistry – these principles favour ingredients with 
minimal pre-treatments. Native starch can be used to stabilize synthetic latexes as long as it is 
(partly) dissolved before the actual free radical polymerization is initiated 1 . nfortunately  this 
approach has not only bene ts. Firstly  the dissolution of starch granules takes time and this 
reduces the manufacturing throughput if this pre-treatment is executed in the polymerization 
reactor. In the second place  native starch dissolves with a considerable peak in viscosity and 
additional measures  with respect to proper mixing  might be needed to avoid unacceptable 
heterogeneities during processing. Thirdly  the starch molecules need to be degraded  either 
mechanical or (bio)chemical)  before the polymerization can be started. And nally  native 
starch is hydrophilic and starch with a slight hydrophobic nature might be re uired for some 
important latex characteristics (e.g. rheology and particle size distribution) 2-4 . 

Polymerization procedures can be tuned to ensure proper dissolution and degradation of 
native starch  but there are also starch pre-treatments which can incorporate the desired 
starch characteristics a . Extrusion is an example of an energy ef cient starch 
modi cation which results in products without the presence of granules and a peak viscosity 
during dissolution. When compared to other modi cation strategies  several advantages can 
be outlined. For instance  the amount of water needed during this kind of starch modi cation 
is less than its enzymatic counterpart. As a conse uence  enzymatic treatments re uire more 
energy during dissolution of starch granules and drying of the nal product. For this reason  
extrusion is an interesting starch pre-treatment from a sustainability point of view 5-8 . 

Hydrophobic (e.g. octenyl succinylated) starch has emulsifying properties and can therefore 
be used to change the particle formation process during polymerization and/or the rheology of 
the nal latex 2-4 9-12 . The octenyl succinylation step of the in thesis investigated extruded 
starches was performed in suspension (~39 wt % in water) and the obtained product needed 
to be (partly) dried before extrusion. As a result  it is interesting to investigate if it is possible 
to execute this derivatization in line at semi-dry conditions (< 30 wt % water) ust before the 
extrusion step 13 . This preparation process is considerably less energy demanding than 
its suspension counterpart for less water needs to be removed during drying. Moreover  
there are other ways to prepare hydrophobic starches in an ef cient way. The superheated 
steam driven acylation of starch is an interesting one because fatty acids  which are more 
environmental benign than octenyl succinic acid for example  can be used 14 . 

It is common practice in the latex industry to execute vinyl acetate polymerizations above the 
boiling point of the azeotrope water and vinyl acetate monomer (66 °C). This precondition 
renders the desire to start with a formulation with modi ed starch as only additive uite a 
challenging one. Indeed  the absence of emulsi ers does not only affect the particle formation 
process  but increases the concentration of vinyl acetate monomer in the water phase as 
well 10 12 . The latter increases the risk of excessive re uxing and this need to be avoided 
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because it is a waste of energy and it lowers the temperature of the reaction mixture.  Moreover  
the polymerization process might become suboptimal at re ux conditions or even terminate 
in case the free radicals are (also) generated by thermal dissociation. A re ux induced drop in 
reaction temperature fre uently occurred during attempts to convert available polymerization 
procedures into a reference procedure based on the thermal dissociation of persulfate 
1 3 4 15-20 . As a conse uence  the desired polymerization procedure in this study had to 
be designed from scratch 21 . The de ned method is suitable for generating latexes with 
viscosities ranging from water thin to a paste (Figure 1). 
 

Figure 1: The consistency of the latexes prepared during the investigation of this thesis. From left to 
right: latexes with a low  moderate and high level of viscosity.

The reactor con guration and polymerization procedures used in this study were not yet fully 
optimized. It is recommended to use fundamental mathematical models in case a thorough 
optimization is desired 22 . These kinds of models are not only very powerful tools for 
optimization but are also suitable for scale-up  process control  monitoring  operator training 
and often allow for a better understanding of underlying mechanisms.

Final product
Commercially available homopolymers of polyvinyl acetate are usually blended with other 
materials for an optimal price/performance ratio. In this respect  the high wood bonding 
strength (EN204;D2) of Mowilith DHS S1 (33 MPa) offers more possibilities for blending with 
(cheap) materials than the evaluated potato starch stabilized latexes (17 - 24 MPa) 23 . 
However  the bonding strength of the latter might be improved considerably by making a 
switch from a homopolymer to a polyvinyl acetate based copolymer.  Monomers with a 
hydrophobic character (e.g. butyl acrylate) or cross-linking abilities (e.g. low formaldehyde 
releasing N-methylol acrylamide) might be interesting options to investigate if the bonding 
strength of latex needs to be changed 12 .

A switch from a vinyl acetate homopolymer to a copolymer will not only in uence the bonding 
strength of the latex but the glass transition temperature (Tg) will be changed as well. 
Monomer types that lower the Tg of the latex are preferred because that might reduce the 
need of plasticizers in the nal product. Plasticizers are fre uently added to vinyl acetate 
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homopolymers for optimal performance but they tend to migrate out of the adhesive layer 
after application. The need of plasticizer in the nal product might become even super uous 
if ethylene  or di-alkyl maleate  based copolymers are used 12 .

The rheology of synthetic latex is complex because it is a li uid multiphase system with 
incompatible components. As a result  the microstructure of these systems can consist of 
droplets in a matrix  elongated brils or a co-continuous structure 24 . The level of viscosity 
that latex generates is therefore not a very good variable to describe the differences and 
similarities between different varieties prepared. Moreover  waxy potato starch tends to 
associate with hydrophobic chains and this interaction will in uence the level of viscosity 
of the corresponding latex as well 2 25 . Large Amplitude Oscillatory Shear (LAOS) 
characterization  often referred in the literature as Fourier Transform Rheology (FTR)  might 
be helpful in comparing the different available latexes to each other 24 . LAOS possesses a 
high sensitivity in the characterization of the morphology  thus allowing evaluation of properties 
that might otherwise be missed with traditional linear methodologies

Starch can also be used as rheology modi er in those cases that the latex is prepared with 
starch as main stabilizing agent. Modi ers are usually added to the product in a separate 
blending silo after the polymerization is nished. No relevant studies were found during a uick 
screening of open literature  dealing with such two-step envisaged procedure and their actual 
need in practice. In addition  partial replacement of polyvinyl acetate in the polymerization 
recipe by a cheap rheology modi er might result in latexes similar to those prepared by the 
traditional two step approach. The accompanying loss in value of the latex prepared might be 
(partly) compensated by a shorter polymerization procedure  an easier preparation process 
and less handling losses. However  a polymerization reactor is more dif cult to handle than a 
blending silo and more expensive in use as well. 

A molar replacement of vinyl acetate monomer by other water soluble monomers should not 
be very problematic in the described preparation procedures of this study.  Latexes based on 
hydrophobic monomers can also be prepared as long as there is suf cient af nity between 
the monomer and waxy potato starch fragments (or a hydrophobic starch derivative is used). 
This approach might unlock other application areas (e.g. paint  coating or ink) were (waxy) 
potato starch can be used as main stabilizing agent in free radical based polymerizations as 
well. Furthermore  the technology to prepare vinyl acetate and ethylene monomers from a 
renewable feedstock is available and the corresponding copolymer is already presented as 
the ideal binder for environmental friendly paints. It would be interesting to investigate the 
actual added value of these green polymers with respect to their conventional counterparts 
and make an estimate of the turning point at which these green polymers become commercial 
viable if they are stabilized with starch 26 27 . 

It is an improvement  from the point of view of sustainability  if oil-based and migration-
sensitive ingredients are replaced by counterparts made of starch with only a slight chemical 
derivatization. However  getting a product safety legislation approval of a starch derivative 
is more dif cult than starch without any chemical derivatization. Grafting of monomer onto 
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starch during the initial stage of the polymerization process might be a viable route if the 
desired properties of the latex re uire the presence of a hydrophobic starch derivative 
during processing. The mechanism how to achieve this type of grafting on polysaccharides 
is fre uently described in literature but not yet in a way that can be easily translated to 
an industrial setting. For example  the industry needs guidance in controlling the level of 
grafting in a large semi-batch (or small continuous) reactor whilst most investigations provide 
information about grafting on a small scale in batch mode. As a result  the latex industry is 
waiting for research especially designed to make the available fundamental knowledge about 
grafting more accessible to them.
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