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O ne of the main requirements for protective 
coatings is the ability to confer water resis-
tance to painted substrates. Since the binder 
is a major part of most coatings, ongoing 

research in emulsion polymer design is aimed at providing 
more effective barrier properties by increasing the hydro-
phobic nature of the polymers produced. That, in turn, 
requires a means for effectively and efficiently polymer-
izing hydrophobic monomers.

Attempts to make polymers of very hydrophobic mono-
mers, such as those of long-chain acrylics or of vinyl 
branched esters that have carbon chain longer than C8, 
using common sulfonate surfactants have failed because 
of massive coagulation and/or very low conversion.1,2

Because of the inability to polymerize very hydropho-
bic monomers by emulsion polymerization, the coat-
ings industry is forced to employ costly techniques such 
as high temperature and pressure; organic solvents or 
other monomers to act as solvents for the hydrophobic 
monomer; mini-emulsion polymerization; macromolecu-
lar organic compounds having a hydrophobic cavity, such 
as cyclodextrins; and using high levels of surfactants.2-5

A recent patent application1 claimed an emulsion 
polymerization process of vinyl branched esters with the 
use of at least one surfactant having a critical micelle 
concentration of less than 0.05%, which was specified as 
sodium bis-tridecyl sulfosuccinate. The drawback of this 
surfactant is that it contains ethanol, a flammable solvent; 

and its use as a single surfactant in emulsion polymeriza-
tion might not be effective.

This article describes a simple emulsion polymerization 
process using a single diphenyl oxide disulfonate (DPOS) 
surfactant for polymerizing hydrophobic monomers, 
including VeoVa™ 10 monomer (Tg = -3 °C) and isodecyl 
methacrylate (IDMA) (Tg = -41 °C), using ammonium 
persulfate as the initiator. VeoVa 10 monomer is the vinyl 
ester of neodecanoic acid (10 carbon atoms), and isodecyl 
methacrylate is a C10 methacrylate. It also demonstrates 
promising copolymerization and terpolymerization of 
these hydrophobic monomers with harder monomers, 
such as methyl methacrylate (Tg = 105 °C), styrene (Tg = 
100 °C) and tert-butyl methacrylate (TBMA, Tg = 107 °C), 
using the same surfactant and initiator.

Theoretical Consideration of Emulsion 
Polymerization of Hydrophobic Monomers
Emulsion polymerization is a useful technique in prepar-
ing aqueous dispersions or latexes, which are important 
components in coating systems. 

For relatively hydrophobic monomers such as styrene 
or n-butyl methacrylate, it is generally accepted that the 
polymerization reaction takes place in monomer-swollen 
micelles. Only a small fraction of the monomer is present 
in the micelles or dissolved in the aqueous phase. Most of 
the monomer molecules reside in the monomer droplets. 
The polymerization is initiated by the addition of an initi-
ator. Initiator free radicals first react with monomer mol-
ecules dissolved in the aqueous phase. This would result 
in the increased hydrophobicity of oligomeric radicals. 
When a critical chain length (“zmer”) is achieved, these 
oligomeric radicals become hydrophobic and show a 
strong tendency to enter the monomer-swollen micelles 
and then continue to propagate by reacting with those 
monomer molecules therein. As a consequence, mono-
mer-swollen micelles are successfully transformed into 
particles. These particles continue to grow by acquir-
ing the reactant species from monomer droplets and 
un-nucleated micelles. In order to maintain adequate 
colloidal stability of the growing particles, micelles that 
do not contribute to particle nucleation disband to supply 
the increasing demand for surfactant of the particles. In 
addition, the surfactant molecules adsorbed on mono-
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TABLE 1 » Water solubility of the monomers currently used in EP.

 Monomer Water Solubility at 20 °C (g/100g) 
VeoVa 10 monomer <0.001 

2-ethylhexyl acrylate 0.01 
Styrene 0.03 

Butyl acrylate 0.16 
Methyl methacrylate 1.5 

Ethyl acrylate 1.8 
Vinyl acetate 2.5

Methyl acrylate 5.2 
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mer droplets may also desorb out of the droplet surface, 
diffuse across the aqueous phase and then adsorb on the 
expanding particle surface for particle stabilization.

Based on this understanding, we consider that, in order 
for the emulsion polymerization of hydrophobic mono-
mers to proceed, both of the following two basic require-
ments must be satisfied:

1. The oligomeric (“zmer”) radicals must be generated 
in the water phase and enter the micelles to nucleate the 
particles, if a water soluble initiator such as persulfate is 
used. For this to happen, a certain amount of monomers 
must exist in the water phase.

2. The monomers have to effectively transport through 
the water phase to the particles to grow the particles.

Using DPOS Surfactants in Emulsion 
Polymerization of Hydrophobic Monomers
We made the following hypotheses:
1. The monomer concentration in water around the 
vicinity of 0.001% would be sufficient for the formation 
of oligomeric radicals. The “zmer” radical formation will 
be inhibited at monomer concentration far below 0.001%. 
2. DPOS surfactant molecules have the base structure of 
alkylated DPO and contain in large part two sulfonate 
groups; they have excellent association with hydrophobic 
monomers and would be a good hydrophobic monomer 
transporter through the water phase to latex particles.

The first hypothesis was simply based on the water 
solubility data of VeoVa 10 monomer < 0.001 g/100 g at 
20 °C (Table 1). We assumed the water solubility of IDMA 
was the same as that of VeoVa 10 monomer.

The production of DPOS surfactants in general can be 
briefly described by a simplified sketch (Figure 1).

 The alkylated diphenyl oxide (alkylated DPO) interme-
diate contains two major isomers, mono alkylated DPO 
and dialkylated DPO. We consider that the alkyl chain 
length and the monoalkylate/dialkylate ratio might have 
an effect on the association with hydrophobic monomers, 
depending on the hydrophobicity of the monomer. The 
disulfonate content can also be adjusted for best emulsi-
fier performance, depending on the nature of the alkyl-
ated DPO. Due to such importance mentioned, both the 
monoalkylate/dialkylate ratio and disulfonate content are 
controlled in a narrow range.

Study Strategy
Our exploring phase of studying the emulsion polymeriza-
tion of hydrophobic monomers based on DPOS surfactants 
was designed to test the behavior and the effectiveness of 
major components used.

Surfactants 
Three DPOS surfactants differentiated by the alkyl group 
were evaluated in this study: a) C12 branched, Calfax® 
DB-45; b) C15 branched, experimental Calfax product; c) 
C16 linear, Calfax 16L-35.

Initiator: Ammonium Persulfate
Ammonium persulfate or other persulfate salts are the 
most commonly used initiators in the emulsion polymer-

ization industry today. The intent of this work was to test 
the hypothesis No.1 mentioned earlier, or the effectiveness 
of ammonium persulfate in the emulsion polymerization 
of VeoVa 10 monomer and isodecyl methacrylate. If the 
“zmer” radical formation is inhibited due to too low water 
solubility of the monomer, a search for alternative initia-
tion system might become necessary.

Monomers
a. VeoVa 10 monomer (Tg = -3 °C) and isodecyl methacry-
late (C10 methacrylate, Tg = -41 °C) were the two major 
hydrophobic monomers used in this study.

b. Methyl methacrylate (Tg = 105 °C), styrene (Tg = 100 °C) 
and t-butyl methacrylate (Tg = 107 °C) were used as hard 
monomers for the copolymerization and terpolymerization 
with VeoVa 10 monomer or isodecyl methacrylate. 

It should be noted that VeoVa 10 vinyl ester and styrene 
do not react with each other. Incorporation of 2.0 pphm 
acid monomer such as acrylic acid (Tg = 106 °C) or meth-
acrylic acid (Tg = 220 °C) into copolymers or terpolymers 
was also investigated.

c. Lauryl acrylate (Tg = -3 °C), lauryl methacrylate (Tg = 
-65 °C), stearyl methacrylate (Tg = 38 °C) are to be used 
in the next step for examining the behavior of initiator and 
DPOS surfactant – C16 surfactant in extreme hydropho-
bicity conditions.

d. All the monomers were used as supplied, without 
 purification.

Emulsion Polymerization Protocol
All latexes were made in a 1L jacketed glass reactor with four 
built-in baffles. The agitation of the reaction mixture was 
conducted using a stirrer system including a PTFE covered 
stainless steel shaft and two 64-mm turbine PTFE blades. 
The temperature was regulated by an external circulating 
water bath with heating and cooling capability. The reactor 
was fitted with a thermometer and feed lines. Both monomer 
pre-emulsion and initiator solution were fed via FMI pumps 
and above the surface of the reaction mixture. 

For easy comparison, all emulsion polymerization (EP) 
experiments in this study were based on the same EP 
procedure and process conditions. The emulsion polym-
erization experimentation can be summarized as follows:
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FIGURE 1 » Production of DPOS surfactants.
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1. EP process conditions:
• In-situ seed with 2% pre-emulsion.
• Reaction temperature: 80 ± 1 °C.
• Pre-emulsion feed time: 3.0 hrs.
• Initiator solution feed time: 3.5 hrs.
• Hold time after initiator feed: 0.5 hr.

2. Pre-emulsion preparation:
• Mixing time: 25 min.
• Mixing speed: 400 rpm was found most appropriate. 

However, the mixing speed was recorded and will be 
shown in the results. 

• In case buffer is used, buffer solution was added to 
surfactant solution at mild agitation (at 150 -200 rpm) 
before the addition of monomer, and the agitation was 
then made at higher speed.

• When defoamer was used, defoamer was added to the 
pre-emulsion while mixing and 5 min before completion. 

3. Monomer activity:
All monomers were assumed to have activity of 100% in 
all experiments, except for the copolymerization or terpo-
lymerization of IDMA with other monomers, the activity 
of 98.5% from the certificate of analysis (COA) of this 
monomer was used. The assay spec of this monomer was 
relatively low (≥ 97%), in comparison with others.6

4. Other parameters:
• For simplicity of the experiments, no post additions 

(neutralizer and biocide) were made.
• Target solids: 45 ± 1%, Target conversion >97%.
• Initiator: ammonium persulfate at level = 0.1+0.4 = 0.5 

pphm.
• Buffer: sodium bicarbonate at level = 0 or 0.3 pphm. 

Note that pphm = parts per hundred monomers.
• Defoamer: 0 or 0.1 pphm.

5. Experiment evaluation:
• Fouling;
• Grit level (ppm, milligrams of grit per Kg of latex);
• Solids ( by gravity method, avg. of triplicate);
• pH;
• Particle size (Zetatrac);
• Zeta potential (Zetatrac);
• Latex viscosity (RV #2@20).

Water Solubility of Monomers
There is currently no unified measuring system for the 
hydrophobicity of monomers. This property is normally 
compared based on the water solubility of monomers on 
reverse scale. However, the water solubility data of the 
hydrophobic monomers that have hydrocarbon chain lon-
ger than C8 are not readily available. Below are the water 
solubility data available in the literature.7,8

Data in Table 1 show that VeoVa 10 vinyl ester is more 
than 10 times less water soluble than 2-EHA, or in other 
words, VeoVa 10 monomer is more than 10 times more 
hydrophobic than 2-EHA. In practice, VeoVa 10 monomer 
is used in EP at levels ≤ 30% in vinyl acetate/VeoVa 10 
copolymers or as modifier for acrylic polymers.

In general, the hydrocarbon chain length, the posi-
tion and the bulkiness of the side group are considered 
contributing to the hydrophobicity of the monomer. We 
assumed that the hydrophobicity of IDMA is similar to 
that of VeoVa 10 monomer. 

Inhibitor Levels of Hydrophobic Monomers
Because the monomers are used without purification, high 
inhibitor levels in the monomers is a concern. Table 2 shows 
typical inhibitor levels reported in different monomers.

Most of the hydrophobic monomers contain 100 ppm 
or higher inhibitor levels, while common monomers in 
current EP systems have inhibitor levels ≤30 ppm. Among 
the hydrophobic monomers, VeoVa 10 monomer has 
the lowest inhibitor level of 5 ppm monomethyl ether of 
hydroquinone (MEHQ). Tert-butyl methacrylate (TBMA) 
has 200 ppm MEHQ, the highest inhibitor level. Except 
VeoVa 10 is currently used at low levels in EP, others are 
not. Once the utilization of hydrophobic monomers is suc-
cessfully proven in the emulsion polymerization industry, 
the reduction of inhibitor level might become a real need.

Results and Discussion
In this section, we first demonstrate the suitability of DPOS 
surfactants in the emulsion polymerization of hydropho-
bic monomers including VeoVa 10 monomer and IDMA, 
and second the potential applicability of this hydrophobic 
waterborne polymer technology to a wide range of appli-
cations through copolymerization and terpolymerization.

The compositions of copolymers or terpolymers were 
devised in a way so that the glass transition tempera-
ture (Tg) of resulting products would have values in 
the range of 13 °C-15 °C, as calculated by Fox equation. 
Therefore, all resulting latexes are expected to form 
film at room temperature.

In this article we will not discuss the zeta potential 
and latex viscosity for all data in the tables. However, 
based on our experience:

TABLE 2 » Inhibitor levels of hydrophobic monomers.

Monomer Supplier Inhibitor Level (ppm)

Styrene Aldrich
4-tert-

butylcatechol
10-15

Methyl methacrylate Aldrich MEHQ ≤ 30
n-Butyl acrylate BASF MEHQ 10-20
2-Ethylhexyl acrylate BASF MEHQ 10-20
VeoVa 10 monomer Hexion MEHQ 5 (3-7)
Tert-butyl methacrylate TCI America MEHQ 200 (180-220)
Tert-butyl methacrylate BASF MEHQ 200 (180 -220)

Tert-butyl methacrylate
San Ester 

Corporation
MEHQ 200

Isodecyl methacrylate 
(Bisomer® IDMA)

Geo Specialty 
Chemicals

MEHQ 117 (97-125)

Isodecyl methacrylate Aldrich MEHQ 150
Lauryl acrylate PL Industries MEHQ 194 (90-210)
Lauryl methacrylate  
(Rocryl 320)

Dow MEHQ 103 (90-120)

Stearyl methacrylate 
(Rocryl 330)

Dow MEHQ 107 (90-120)

Lauryl methacrylate  1214 F BASF MEHQ 114 (80-120)
Stearyl methacrylate 1618 F BASF MEHQ  96 (80-120)
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• Zeta potentials of the anionic latexes in the range of 
-50±5 mV would have adequate shear stability, without 
excessive foaming.

• Adequate mixing in the reactor was observed with 
latexes that have un-neutralized viscosities lower than 
300 cP measured at #2@ 20 rpm. 

VeoVa 10 Homopolymerization 
Results of VeoVa 10 vinyl ester polymerizations using 
three 3 DPOS surfactants differentiated by alkyl group as 
described earlier are summarized in Table 3.

Overall, VeoVa 10 homopolymerization in this work 
resulted in excellent final conversion (>98.5%). With 
the use of C15 branched DPOS surfactant (experimen-
tal product) and C16 linear DPOS surfactant (Calfax 
16 L-35), VeoVa 10 homopolymerization resulted in 
excellent in-process stability with low grit levels. C12 
branched DPOS surfactant (Calfax DB-45) resulted in 
“slight-medium” fouling, although it performed well for 
current EP systems.

 The results indicated that for homopolymerization of 
VeoVa 10 monomer, the longer the alkyl chain of DPOS sur-
factant, the better the effectiveness of surfactant in terms of:
• particle size efficiency (ability of generating smaller 

particle size at same surfactant level); and
• reactor cleanliness and low grit level. 

Among three DPOS surfactants investigated, C16 linear 
DPOS surfactant (Calfax 16L-35) offered the best EP pro-
cess performance for VeoVa 10 monomer. This surfactant 
was then selected as the primary surfactant for continu-
ing studies of hydrophobic monomers.

Isodecyl Methacrylate 
Homopolymerization 
Results of the homopolymerization of isodecyl methac-
rylate are summarized in Tables 4 and 5. We found a 
number of interesting and important results for the homo-
polymerization of IDMA:
• The use of buffer (NaHCO3) resulted in the pink color of 

the latex, while no pink color was observed with VeoVa 
10 monomer. 

• At the same surfactant level and split, IDMA resulted 
in smaller latex particle size than that of VeoVa 
10 monomer.

• At the same surfactant level and split, the use of buffer 
resulted in higher conversion than without buffer.

• Buffer seemed to act as a defoamer in the preparation of 
pre-emulsion, preventing the introduction of foam into 
the reactor.

• IDMA tended to generate more foam in the pre-emul-
sion than VeoVa 10 monomer.

• Without the use of buffer, defoamer was necessary to 
break the foam.

• Poor emulsification was observed at 300 rpm mixing 
speed in the preparation of the pre-emulsion, and this 
tended to lower the latex conversion.
In the homopolymerization of IDMA without buffer we 

noticed that the foam was introduced to the reactor and 
foaming was likely the cause for the reactor wall fouling; 
and small latex particle size and high latex viscosity was 
likely the cause for the agitator fouling. We were able to fix 
the issue by the above observation and establish a formula 
without buffer (Table 5) that resulted in a latex with excel-
lent in-process stability and final conversion of 97-97.5%, 
as shown in Table 5. The lower conversion of IDMA homo-
polymerization, in comparison with VeoVa 10 vinyl ester, 
is likely due to the high inhibitor content in the monomer 
and lack of buffer.

Copolymerization of VeoVa  
10 Monomer and TBMA 
Results of the copolymerization of VeoVa 10 monomer 
and TBMA are summarized in Table 6. The first three 
polymerizations of VeoVa 10 vinyl ester/TBMA =80/20 
shown in Table 6 were made with 0.3 pphm NaHCO3. 
These polymerizations resulted in stable latexes with 
good in-process stability, good conversion and particle 
sizes of about 85 nm. However, these latexes showed 
a light pink color. Although the pink color was not 
observed in the dry polymer film, the color of the latex 
might give an unfavorable perception to downstream 
users. The light pink color of the copolymer latex may 
have come from the interaction of TBMA and NaHCO3 
because the VeoVa 10 homopolymer latex containing 
NaHCO3 did not have such color. When NaHCO3 was 
reduced or eliminated from the copolymer formula we 
observed significant reduction in latex conversion. We 
thus speculated that the pink color might be the result 

TABLE 3 » VeoVa 10 homopolymerization.

Batch # Surfactant Theo.
Solids (%)

Meas.
Solids (%)

Conversion
(%)

Meas.
pH (-)

Particle
Size (nm)

Zeta 
Potential
(mv)

Fouling Grit
(ppm)

Viscosity
(cP)
#2@20

868-24 Calfax DB-45 45.3526 44.50 98.12 6.5 191.5 -50.39 Slight-med 43 36
868-27 Calfax DB-45 45.3526 44.84 98.87 6.5 191.3 -51.81 Slight -med 35 40

868-22
C15 branched EXP
(with bleach)

45.3516 44.86 98.92 6.8 152.1 -48.32 Slight 33 53

868-23
C15 branched EXP
(without bleach)

45.3537 44.72 98.60 6.5 153.3 -48.07 Slight 27 48

868-25 Calfax 16L-35 45.3532 44.84 98.60 6.4 113.9 -48.47 Slight 7 64
868-26 Calfax 16L-35 45.3532 44.90 98.60 6.8 115.4 -47.82 Slight 1 65

Surfactant = 0.1 +1.9 = 2.0 pphm n Undesirable 
NaHCO3 = 0.3 phm 
Pre-emulsion mixing: 600 rpm for 25 min.
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TABLE 4 » IDMA homopolymerization (1/2).

Batch #
 

Calfax 16L-35
split (pphm)

NaHCO3
(pphm)

Foam-
aster

111 (pphm)

Pre-
emuls.
Mixing

Theo.
Solids

(%)

Meas.
Solids

(%)

Conv.
(%)

Mea.
pH
 (-)

Part.
Size 
(nm)

Zeta Pot.
(mv) Fouling Grit

(ppm)
Visc. (cP)

#2@20

869-39 0.1+1.9 0.3 0.0
400 
rpm

25 min
45.35 44.26 97.59 6.6 69.4 -50.5

Med-heavy
Very slow 
filtration

- 510

686-43 0.1+1.9 0.3 0.0
400 
rpm

25 min
45.35 44.23 97.52 6.4 65.5 -50.3

Med-heavy
Very slow 
filtration

- 490

874-15 0.0+1.1 0.3  0.0
400 
rpm

25 min
45.35 44.18 97.41 6.4 96.5 -49.3 

Slight
329 102 Slow 

filtration

686-45 0.05+1.95 0.0 0.0
400 
rpm

25 min
45.35 44.25  97.57  2.2 74.3  -50.3

Med-heavy
Particul.

reactor wall
11 464

686-46 0.05+1.95 0.0 0.2
300 
rpm

25 min
45.35 44.17 97.39 2.3 55.9 -53.7

Reactor 
wall: 

V.slight 105
1640

 
Agitator: 

med

686-47 0.0+1.0  0.0 0.1

300 
rpm

30 +5 
min

45.35  43.32 95.52 2.2 123.2 -52.6

Reactor 
wall: 

V.slight
Agitator: 

slight

113 70

868-52 0.0+1.5 0.0 0.1

300 
rpm

20 +5 
min

45.39 44.26 97.51 2.2 63.6 -54.6
reactor 

wall: 
v.slight

67 882

           
agitator: 

med
   

874-01* 0.0+1.0 0.0 0.1

300 
rpm

20 +5 
min

45.35 43.17 95.19 2.2 77.1 -54.0

Reactor 
wall: gel 
polym?

-

90
agitator: 

slight
diff. 
filtr.

*: persulfate = 0.1+0.45 = 0.55 pphm, poor emulsification observed

n Pink latex   n Undesirable

TABLE 5 » IDMA homopolymerization (2/2). 

Batch #
 

Calfax 
16L-35
Split

(pphm)

NaHCO3
(pphm)

Foam-
aster

111
(pphm)

Pre-emuls.
Mixing

Theo.
Solids

(%)

Meas. 
Solids

(%)

Conv.
(%)

Meas.
pH (-)

Part.
Size
(nm)

Zeta
 Pot.
(mv)

Fouling
 

Grit
(ppm)

 Visc. (cP)
#2@20

874-02
 

0.0+1.1
 

0.0
 

0.1
 

400 rpm
20+5min

45.35
 

44.03
 

97.08
 

2.2
 

110.2
 

-50.94
 

reactor wall: v.slight
agitator: slight

59
 

86
 

874-03
 

0.0+1.1
 

0.0
 

0.1
 

400 rpm
20+5min

45.35
 

44.16
 

97.37
 

2.2
 

108.5
 

-50.96
 

reactor wall: v.slight
agitator: slight

61
 

94
 

874-11*
0.0+1.15

 
0.0
 

0.1
 

400 rpm
20+5min

45.35
 

44.22
 

97.50
 

2.0
 

109.5
 

-52.78
 

reactor wall: slight
agitator: slight +

26
 

90
 

874-14*
0.0+1.15

 
0.0
 

0.1
 

400 rpm
20+5 min

45.35
 

44.24
 

97.55
 

2.0
 

107.9
 

-50.28
 

reactor wall: slight
agitator: slight +

24
 

95
 

*: Persulfate = 0.1+0.45 = 0.55 pphm.
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of an acid-base interaction between MEHQ and NaHCO3, 
but no attempts were made to understand this behavior. 
Systematic experiments with chemical analysis would 
be necessary to provide better insights to this behavior.

Incorporation of 2.0 pphm of MMA or AA into the 
copolymer of VeoVa 10 vinyl ester and TBMA with the use 
of 0.3 pphm NaHCO3 in the formula resulted in no pink 
latexes. These latexes were acceptable on both process-
ing and latex properties; with latex particle sizes in the 
vicinity of 100 nm. The latexes functionalized with MAA 
showed higher latex pH than AA counterpart, indicating 
more MMA buried in the polymer. However, the earlier 
latexes showed slightly better in-process stability and con-
version. This might indicate that MAA is more compatible 
with this particular monomer composition. 

Copolymerization of VeoVa  
10 Monomer and MMA 
Results of the copolymerization of VeoVa 10 monomer 
and MMA are summarized in Table 7. As shown in 
this table, the use of MMA in the copolymerization 
with VeoVa 10 vinyl ester significantly enhanced the 
latex conversion. The benefit of NaHCO3 on conversion 
was significant with this copolymer composition. We 
noticed very slight pink color exhibited with the pres-
ence of NaHCO3, but this may or may not be a concern 
in practice. Incorporation of 2.0 pphm MAA or AA into 
this copolymer composition resulted in good processing 
latexes. No significant differences were seen between 
MAA and AA in the processing of the latexes, however, 
AA resulted in easier filtration, slightly lower latex pH 

and slightly lower latex conversion. All functionalized 
latexes with acid monomer did not show any trace of 
pink color when in the presence of NaHCO3.

Terpolymerization of VeoVa  
10 Monomer, TBMA and MMA
Results of terpolymerization of VeoVa 10 monomer, TBMA 
and MMA are summarized in Table 8. At the time of writ-
ing this article, we were not yet able to conduct the repeat 
runs for this and some other compositions. The results in 
Table 8 show that all the terpolymers made were excellent 
on both processing and latex properties. All the latexes 
showed no pink color, which is consistent with the find-
ings observed and discussed earlier.

Copolymerization of IDMA and MMA
Results of copolymerization of IDMA and MMA are sum-
marized in Table 9. In general, incorporation of MMA 
with IDMA significantly improved the latex conversion, 
in comparison with that of IDMA homopolymerization. 
The effect of NaHCO3 on latex color and conversion was 
again observed with this copolymerization system, due to 
the presence of IDMA. With a number of attempts shown 
here, we were not able to make latexes with good process-
ing without acid functionalization and without the use of 
NaHCO3. Copolymers with acid functionalization and use 
of NaHCO3 resulted in latexes with good processing and 
properties. In this case, AA gave slightly better in-process 
stability and smaller particle sizes. All of the latexes made 
with this copolymer composition showed easy filtration, 
regardless of the fouling of the reactor.

TABLE 6 » Copolymerization of VeoVa 10 monomer and TBMA.

Batch #
 

Monomer
Composition

NaHCO3
(pphm)

Theo.
Solids

(%)

Meas.
Solids

(%)

Conv.
(%)

Meas.
pH
 (-)

Part.
Size (nm)

Zeta 
Potential

(mv)
Fouling Grit

(ppm)
Visc. (cP)

#2@20

868-48
 

VeoVa 10/t-BMA =
80/20

0.3
45.35

 
44.53

 
98.18

 
6.7
 

87.0
 

-49.25
 

Slight
 

29
 

78
 

868-50
 

VeoVa 10/t-BMA =
80/20

0.3
45.35

 
44.45

 
98.01

 
6.7
 

82.5
 

-49.95
 

Slight
 

65
 

90
 

874-08
 

VeoVa 10/t-BMA =
80/20

0.3
45.35

 
44.47

 
98.05

 
6.6
 

86.1
 

-49.64
 

Slight
 

50
 

50
 

874-04
 

VeoVa 10/TBMA =
80/20

0.15 45.35 43.99 96.99 2.8 81.5 -50.30  Slight 585 130

868-49
 

VeoVa 10/TBMA =
80/20

0.0 45.35 43.86
96.71

 
2.3 86.7 -51.64

Slight
Few skins

95 114

868-51
 

VeoVa 10/TBMA =
80/20

0.0 45.35 43.77 96.51 2.2 69.0 -50.93
Slight

Few skins
248 290

847-37
 

VeoVa 10/TBMA/
MAA =
80/18/2

0.3 45.35 44.48 98.07 4.8
106.5

-51.04 
V. slight

199  44 

847-41
 

VeoVa 10/TBMA/
MAA =
80/18/2

0.3 45.35 44.50 98.12 4.7  110.4 -52.55 V. slight 201 42 

847-38
 

VeoVa 10/TBMA/AA =
80/18/2

0.3 45.35  44.28 97.63 4.0 94.9 -51.08 Slight+ 416 56

No defoamer 
Calfax 16 L-35 = 0.1+1.90 = 2.0 pphm 
Pre-emulsion mixing: 400 rpm for 25 min 

n Light pink latex   n Undesirable
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Copolymerization of IDMA and Styrene
Results of copolymerization IDMA with styrene are 
summarized in Table 10. In general, incorporation of 
styrene with IDMA significantly improved the latex 
conversion, in comparison with that of IDMA homopo-
lymerization; although the improvement was slightly 
less than the case of MMA. It was interesting to 
note that no pink color was observed with the use of 
NaHCO3, even in the case of no functionalization.

Copolymerization of IDMA and TBMA
Results of copolymerization of IDMA and TBMA are 
summarized in Table 11. At the time of writing this 
article we have just started the work with this copoly-
merization. Initial results indicate the composition of 

IDMA/TBMA = 50/50 resulted in fairly low conversion 
and poor fouling. This was likely contributed by the low 
reactivity of TBMA. We have made a couple of homopoly-
merizations of TBMA and these resulted in significantly 
low conversions of about 85%. The fouling was even 
worse and rated as med-heavy. The presence of NaHCO3 
resulted in a light pink color, which is consistent with 
earlier results. Both IDMA and TBMA provided the 
source for the color formation. This color issue can be 
circumvented by either removing the buffer or adding 
a small amount of acid monomer to compositions con-
taining buffer. Due to much lower reactivity of TBMA 
in comparison with other monomers, limited content of 
TBMA in the co- or terpolymerizations may be necessary 
to maintain reasonable conversion.

TABLE 7 » Copolymerization of VeoVa 10 monomer and MMA.

Batch # Monomer
Composition

NaHCO3
(pphm)

Pre-
emuls. 
Mixing

Theo.
Solids

(%)

Meas. 
Solids (%)

Conv.
(%)

Meas.
pH 
(-)

Part.
Size (nm)

Zeta 
Pot.
(mv)

Fouling Grit
(ppm)

Visc.
 (cP)

#2@20
874-06
* 

VeoVa 10/MMA =
80/20

0.3
400 rpm
25 min

45.35 45.25 99.77 6.7 93.3  -47.70 Slight 179 60

874-10
 *

VeoVa 10/MMA =
80/20

0.3
400 rpm
25 min

45.35 45.20 99.66 6.7 94.6 -47.07 Slight 176 58

874-12
 

VeoVa 10/MMA =
80/20

0.0
400 rpm
25 min

45.35 44.43 97.97 2.1 97.9 -50.15 Slight 126 56

874-13
 

VeoVa 10/MMA =
80/20

0.0
400 rpm
25 min

45.35 44.39 97.88 2.1 98.5 -48.67 Slight  127 58

874-29
 

VeoVa 10/MMA/MAA =
80/18/2.0

0.3
400 rpm
25 min

45.35 44.97 99.16 5.1 101.1 -51.22 Slight 200 46

847-43
 

VeoVa 10/MMA/MAA =
80/18/2.0

0.3
400 rpm
25 min

45.35 44.89 98.80 5.1 99.7 -51.67 Slight 118   44

874-30
 

VeoVa 10/MMA/AA =
80/18/2.0

0.3
400 rpm
25 min

45.35 44.84 98.87 4.4  92.9 -50.83  Slight
110

Easy 
filtr.

47

874-44
 

VeoVa 10/MMA/AA =
80/18/2.0

0.3
400 rpm
25 min

45.35 44.64 98.43 4.5 95.1 -50.90 Slight
203 
Easy 
filtr.

 44

*: very light pink color. Concern on this might be negligible. 
No defoamer 
Calfax 16 L-35 = 0.1 + 1.9 = 2.0 pphm 
Pre-emulsion mixing: 400 rpm for 25 min 

TABLE 8 » Terpolymerization of VeoVa 10 monomer, TBMA and MMA.

Batch 
# Monomer

Composition
Buffer
(pphm)

Foamaster
111
(pphm)

Pre-
emuls. 
Mixing

Theo.
Solids
(%)

Meas. 
Solids 
(%)

Conv.
(%)

Meas.
pH
 (-)

Part. 
Size 
(nm)

Zeta
Pot.
(mv)

Fouling Grit
(ppm)

Visc. 
(cP)
#2@20

874-33
VeoVa 10/TBMA/MMA =
80/10/10

No buffer
0.0

0.0
400 rpm
25 min

45.35 44.67 98.49 2.1 101.3 -51.87
V. slight
Few 
skins

482 64

874-34
VeoVa 10/
TBMA/MMA/MAA =
80/8/10/2

NaHCO3

0.3
0.0

400 rpm
25 min

45.35 44.84 98.87 5.0 104.5 -50.62 V. slight 213 42

874-35
VeoVa 10/
TBMA/MMA/AA =
80/8/10/2

NaHCO3

0.3
0.0

400 rpm
25 min

45.35 44.93 99.07 4.3 103.2 -50.13 V. slight 345 48

No defoamer 
Pre-emulsion mixing: 400 rpm for 25 min 
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TABLE 9 » Copolymerization of IDMA and MMA.

Batch 
#

Monomer
Composition

Calfax 
16L-35

split 
(pphm)

NaHCO3
 (pphm)

Foam-
aster

111
(pphm)

Theo.
Solids

(%)

Meas. 
Solids

(%)

Conv.
(%)

Meas.
pH
(-)

Part. 
Size

 (nm)

Zeta
Pot.
(mv)

Fouling Grit
(ppm)

Visc. (cP)
#2@20

874-16
IDMA/MMA =

50/50
0.0+1.1

 
0.0
 

0.1
 

45.35
 

44.38
 

97.85
 

2.1
 

157.6
 

-50.00
 

Slight-
med

 

0
Easy filtr.

28
 

874-17
IDMA/MMA =

50/50
0.05+1.5

 
0.0
 

0.1
 

45.35
 

44.59
 

98.32
 

2.2
 

118.7
 

-49.08
 

Slight-
med

 

3
Easy filtr.

36
 

874-18
IDMA/MMA =

50/50
0.1+1.9

 
0.0
 

0.1
 

45.35
 

44.73
 

98.62
 

2.4
 

114.2
 

-49.49
 

Slight-
med

 

73
Easy filtr.

46
 

874-23
IDMA/MMA =

50/50
0.1+1.9 0.3 0.0  45.35 44.77 98.71 7.3 103.9 -52.16  Slight+ 

4
Easy filtr.

36
 

874-19
IDMA/MMA/MAA =

50/49/1
0.05+1.5 0.0 0.1 45.35 44.71 98.58 2.4 129.6 -49.01

Slight-
med

49
Easy filtr.

40

874-20
IDMA/MMA/MAA =

50/48/2
0.1+1.9 0.3 0.0 45.35 44.76 98.69  5.3 112.6 -48.09 Slight+

32
Easy filtr.

32

874-22
IDMA/MMA/MAA =

50/48/2
0.1+1.9 0.3 0.0 45.35 44.80 98.78 5.4 112.3 -48.41 Slight+

28
Easy filtr.

32

874-24
IDMA/MMA/AA =

50/48/2
0.1+1.9 0.3 0.0 45.35  44.98 99.18  4.7 105.7 -51.50  Slight 

38
Easy filtr.

32

874-26
IDMA/MMA/AA =

50/48/2
0.1+1.9 0.3 0.0 45.35 44.85 98.89 4.7 102.9 -51.97 Slight

34
Easy filtr.

32

No defoamer 
Pre-emulsion mixing: 400 rpm for 25 min 

n Light pink latex 
n Undesirable

TABLE 10 » Copolymerization of IDMA and styrene.

Batch 
#

Monomer
Composition

Calfax 16L-35
split (pphm)

NaHCO3
 (pphm)

Theo.
Solids 

(%)

Meas. 
Solids 

(%)

Conv.
(%)

Meas.
pH (-)

Part. 
Size 
(nm)

Zeta 
Pot.
(mv)

Fouling Grit
(ppm)

 Visc. (cP)
#2@20

874-45
IDMA/Sty =

50/50
0.1+1.9 0.3 45.35 44.49  98.10  7.5 90.4 -53.55 Med.

109
Easy 
filtr.

86

874-47
IDMA/Sty/MAA =

50/48/2
0.1+1.9 0.3 45.35 44.80 98.78 5.5 90.0 -50.56 Slight+ 280 78

874-25
IDMA/Sty/AA =

50/48/2
0.1+1.9 0.3 45.35 44.94 99.09 4.3 88.7 -51.06

Slight
Few skins

223 76

874-27
IDMA/Sty/AA =

50/48/2
0.1+1.9 0.3 45.35  44.96 99.13 4.3 86.1  -50.98

Slight
Few skins

224 90

No defoamer 
Pre-emulsion mixing: 400 rpm for 25 min 

n Undesirable

TABLE 11 » Copolymerization of IDMA and TBMA.

Batch 
#

Monomer
Composition

Calfax 16L-35
split (pphm)

NaHCO3
 (pphm)

Theo.
Solids (%)

Meas. 
Solids (%)

Conv.
(%)

Meas.
pH (-)

Part. 
Size (nm)

Zeta Pot.
(mv)

Fouling
 

Grit
(ppm)

 Visc. (cP)
#2@20

874-28
 

IDMA/TBMA =
50/50

0.0+1.0 0.3 45.35 41.86 92.30  4.9 178.9 -52.50 Med.
0
Easy filtr.

30

874-49
 

IDMA/TBMA =
50/50

0.1+1.9 0.3 45.35 41.94 92.47  4.9 115.9 -50.00 Med.
5
Easy filtr.

40

No defoamer 
Pre-emulsion mixing: 400 rpm for 25 min 

n Light pink latex   n Undesirable
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Conclusions
High conversion and stable latexes of VeoVa 10 monomer and 
IDMA made in this study show that diphenyl oxide disulfonate 
surfactants can be used to efficiently polymerize hydrophobic 
monomers. Ammonium persulfate was an effective initiator for 
these emulsion polymerizations. Copolymerization or terpolymer-
ization of VeoVa 10 monomer and IDMA with other monomers 
such as MMA, styrene, TBMA have shown promising results.

 Findings regarding the impacts of buffer on the color of the 
latex, latex conversion and the defoaming of the pre-emulsion, 
the interaction of acid monomers and styrene with buffer, as well 
as the acceleration effect of MMA and styrene to IDMA offered 
useful tools in designing effective copolymers and terpolymers of 
VeoVa 10 vinyl ester or IDMA with other monomers.

Using DPOS surfactants in emulsion polymerization of 
hydrophobic monomers may be a path to replace solventborne 
coatings and open up markets and applications for waterborne 
coatings, particularly on metals or on exterior surfaces. n
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