






!j I 

Table 3-Polyol Synthesis 

In redient 
Kettle Charge 
n-Butyl acetate . . . . . . . . . . . . . . . . . 79.6 

Monomer Mixture 
IBO MA .. . . .... ...•. . . ...... . .
Methyl methacrylate . .. . . .... .. . . 
2-Hydroxyethyl methacrylate .. .. . . .. 
Butyl acrylate .. ... . ....•. .••.. . 
Styrene . .. . . .. .. ... .. . . . .. . .  . 
PAM-200 or 100 .. .. . . . . .. ... .. . 
n-Dodecyl mercaptane ... . ...... . . 

Initiator Solution 
Vazo 67 . . .. . .. . .. .. . . .. .. . . .  . 
n-Butyl acetate ...... .. .. .. .. . . . 

Chaser Solution 
Vazo 67 . . . .. . . .. .... ..... . .. . 
n-Butyl acetate .. ..... .. .. . .. .. . 

63. 0 
45.0 
75.8 

58.4-x 
63.0 

X 
24.7 

2.4 
30.0 

1.2 
5.0 

% BOTM 

20.7 
14. 7 
24.8 

19.1-Y 
20. 7 

Y=x/305.2 
8. 1 

0.8 

0.4 

Theoretical values: % solids: 75%; MW 250 0; Equivalent weigh t :  524; 
Glass transition temperature: 56°C. 

of the film. Phosphate monomers were used at a level 
of 1, 2, and 4% BOTM, respectively, to compare with 
the control that did not contain any phosphate 
monomer. 

The solventborne acrylic polyol was made by solu­
tion polymerization with a monomer composition of 
MMA/2-hydroxyethyl methacrylate (HEM)/BA/Styrene/ 
Sipomer® IBOMA with PAM-200 (Table 3). At 0-10%, 
PAM-200 was used in the same formulation without 
change of the procedure. IBO MA was used to reduce 
the viscosity of the resins while improving the mechan­
ical properties of the film. The polymerization was car­
ried out at i22° C in butyl acetate, and n-dodecyl mer­
captan was used to control the molecular weight. 
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Table 4-White Pigmented Gloss Paint 
Formulation 

Materials 

Grind to Hegman 6.5-7.0 
Water . . . . . . ... ..... . . ..•..... 
Rhodaline 111 (Rhodia) . ... ...... . 
Triton CF-10 (Rohm and Haas) . .. . . .  . 
TiPure R900 (DuPont) ... ..•. ... .. 
NH40H 28% .. . .. . . . .. ... .•. . . .

Letdown 
Water . . .. .. ... ..... .. .. ... .. . 
Acrylic latex (41.5%) . .. .• ....... . 
Dowanol EB . .. . .. . . .. .. . . . .. .. 
Dowanol DB . . .. . . .... . . . .. ... . 
BYK 080 . . .. . . ....... . .....••• 
Irgacor 252FC (30% in water) . .. . .. . 
NH40H (28%) . ... . .. ... . . . .. . .  . 

Total ....................... . 
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Lb 

38. 5
7.6 
2.3 

151.2 
1.0 

49. 7 
625.2 

41.6 
22.8 

2.0 
14.0 

1.0 

956. 9 

Gal 

4. 6 
0. 8 
0. 3 
4.5 
0.1 

6.0 
71.8 

5. 6 
2.9 
0.2 
1.7 
0.1 

98.6 

PAINT FORMULATION 
The latexes were formulated into an industrial white 

paint (Table 4) or clearcoat in order to evaluate the per­
formance. Rhodoline® 1560 (from Rhodia) at a level 
of 0.7-0.8% of the total formula weight was used to 
adjust the rheology of the formulation. Irgacor® 252FC 
(from Ciba) was necessary to keep the flash rusting 
from occurring in some situations such as cold rolled 
steel substrate. 

The solution polyols were formulated with 
Tolonate® HDT-LV, which is an isocyanate crosslinker, 
and other additives/solvents into a polyurethane 
clearcoat (Table 5). For further salt spray tests, anticor­
rosion pigments, titanium dioxide, and fillers were 
used to formulate into a polyurethane primer. The 
polyurethane primers were applied to proper substrates 
with dry film thickness of 25 µm and cured at room 
conditions for five days before the tests. 

TEST METHODS 
The following test metho<;l.s and instruments were 

used to characterize the latexes: viscosity measurement 
by Brookfield Model DV-111 Programmable 
Rheometer; mechanical stability by Waring Blender 
22,000 RPM; freeze/thaw cycles, accelerated aging tests 
at 60 ° C for 30 days; and particle size analysis by 
Nicomp Submicron Particle Sizer Auto Dilute model 
A370. Wet gum was determined by weighing the 
amount, in grams, of the coagulum on the blade and 
thermocouple. The collected grit was filtered, rinsed, 
and dried by paper towel. The total dry gum is the sum 
of the grit and coagulum after drying overnight. Grit is 
used to describe the amount of filtered particles only. 

Aluminum, cold rolled steel, galvanized steel, iron 
phosphate treated steel (Bonderite® 1000), and zinc 
phosphate treated steel (Bonderite® 952) were used to 
conduct the paint property studies. In the case of coil 
coatings, chromated aluminum and steel were used for 

Table 5-Polyurethane Formulation and 
Evaluation 

________ _  W_e�i. ht (g) 

Part I 
Polyol ............ .... . 51. 4
BYK-361 (1 %) . . .. ... . . . .  3.0 
T-12 (0.5% in butyl acetate) . 5.0 
Butyl acetate .... . .. .... . 9. 0 
Xylene ... .. .. . . ... . .. . .  17 .9 

Part II 
Tolonate H DT ... . .•. .•.. . 13.8 

% Solids Notes 

70.0 eq. wt. 524.0 
1.0 
0.5 

eq. wt. 191.0 

(a) Weigh t% solids 50.0 %, NCO /OH ratio 1.05, xylene/butyl acetate 
ratio 2.0 
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Table 6-Latex Properties of Phosphate Monomer Modified Latexes 

Ml M3 

PAM-100 % BOTM ..................... 0 0. 25
PAM-200"% BOTM ...... ............... 
% Wet gum (BOTL) .............. ..... .02 .06 
% Solids/% conversion .............. 50.4/99.8 50.4/99.8 
Mean diameter (nm)/std dev ..... 119/8 117 /18 
Viscosity ( cP) .. .... ........ ........ .. .. 263 371 
F/T stability (# cycles) ... ........... 0 0 
60°( oven stability (days) ........ >30 >30 

(a) Monomer composition: 52 MMA/47BA/1 MAA/0- 2 %  BOTM ph osphate monomer. 

comparison. All panels were deaned with acetone be­
fore the application. The test paints were applied with 
either S28 or S36 wet film applicator rods, depending 
on the individual tests. The targeted wet film thickness 
was 2.8 mils x S28 or 3.6 mils x S36. The coatings were 
allowed to dry for seven days at ambient conditions 
prior to testing. Wet and dry adhesion over the metal 
substrates was determined by X-hatch tape test, ASTM 
D 3359. Gloss measurements were performed at 20° 

and 60 ° using a BYK Gardner Micro Tri Gloss meter. 
The wet scrub resistance was measured according to 
ASTM D 2486 with slight modifications. The control 
paint and the experimental paint were applied on the 
same test panel side by side, and allowed to dry at am­
bient conditions. Scrub test, using a Gardco scrub test­
ing apparatus with Leneta Standard Scrub Media 
Abrasive Type SC-2, was performed. Scrubbing was 
stopped as soon as one of the paints failed, and the 
numbers of cycles were recorded. 

RESULTS AND DISCUSSION 
Phosphate Monomers in Thermoplastic Latex and 

Latex Coatings 

Phosphate monomers were incorporated into ther­
moplastic latex at a level of 0-4% based on total 
monomers, even though they can be incorporated into 
the latexes up to 10% without problems. Table 6 shows the latex performance data when PAM-
100 was used in the latex synthesis. There is a clear 
trend of improved latex stability and increased viscosity 
when the PAM-100 usage level increases. It has been 
found that PAM-100 could destabilize emulsions in 
some monomer compositions at >2% level and a sepa­
rate monomer feed is needed in this case. It was ob­
served that PAM-200 gave similar performance im­
provement without increasing the viscosity 
significantly. 

After formulating the latexes into white pigmented 
light industrial paints or dearcoats, the film properties 

www.coatingstech.org 

Reference# 
M4 MS M6 M7 

0.5 1. 0 2. 0 
2.0 

.04 .02 0.08 0.02 
50.5/99.9 50.6/100 50. 4/100 50.4/100 

120/15 115/17 111/17 124/19 
392 382 720 237 

0 >5 >5 >5
>30 >30 >30 >30 

Figure 1-Hiding power of PAM-100 depicted by contrast ratio vs. con­
centration. 
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were examined with the methods described previously. 
The data in Table 7 indicates that the phosphate 
monomer improves the wet adhesion on both alu­
minum and zinc phosphate-treated steel substrates. A 
wet adhesion improvement from OB to SB was ob­
tained in the paint with 3% BOTM phosphate 

Table 7-Coating Properties of Acrylic 
Latex Paint Made with PAM-100 over 
Untreated Aluminum and Zinc Phosphate 
Steel Panels. 
Monomer: 51 MMA/47 BA/1 MAA/X PAM-100 

Paint ID 
PAM-100 Dry 
% BOTM Adhesion 

Wet 
Adhesion 

Coatings over Al: 
153A ...... ........ ........... ...... ...... 0 
153B ..................................... 1 
153C .......... ............................ 2 
153D ...................... ............... 3 
153E .................................. ... .4 

Coatings over Zinc Phosphate Steel: 
153A ........................ ............ . 0 
1531f ............................... , ..... 1 
153( ........... ............. ... ........... 2 
153D ...................... ............... 3 
153E ............................ ......... .4 

4B 
4B 
5B 
5B 
5B 

5B 
5B 
5B 
5B 
5B 
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OB 
3B 
3B 
5B 
4B 

1B 
5B 
5B 
5B 
5B 
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Table 8-Substrates for Coil Coating 
Evaluation 

Reference Descri tion of the Su.-=b=--=st::.:ra�tecccs ______ _ 

CRS ............... Cold roll steel 
BlOOOP95 ...... Phosphated non-chromated steel, DI water rinsed 
B1000P60 ...... Phosphated chromate sealed steel, DI water rinsed 

Al . ................ Aluminum 3105 mill finished 
Al-36 ............ Aluminum 3105 mill finished with chromate 

treatement 
HDG .............. Hot dipped galvanized steel 

monomer on the aluminum substrate and with only 
1 % BOTM of the same monomer on the zinc phos­
phate-treated steel substrate. The dry adhesion also 
showed significant improvement using latex with only 
1 % BOTM of the phosphate monomer. 

Phosphate monomers can also improve the appear­
ance of the film surface. With 3-4% dosage of PAM-
100, the film gloss was superior to the control. On zinc 
phosphated panels, the resin made with different 
dosages of PAM-100 gave equivalent or higher gloss 
compared to the control. In addition, the hiding power 

of the paints was investigated by measuring the contrast 
ratio and comparing to the control. The results are 
shown in Figure l. The hiding power of the paint im­
proved and the improvement was proportional to the 
amount of PAM-100 in the latex. 

Wet scrub resistance of the latex paints was signifi­
cantly improved by PAM-100. Figure 2 shows the scrub 
resistance of two phosphate-monomer modified paints 
on aluminum substrate. Two percent of PAM-100 was 
used in the latex synthesis. Scrub resistance was in­
creased from N300 cycles to over 4000 cycles in one sys­
tem and from N600 cycles to over 2700 cycles in an­
other system. It is also noted that the failure mode in 
the test had changed. The control failed by adhesion 
loss, while the experimental paint films containing 
phosphate monomers failed by wearing (Figure 3). This 
test further confirms that the adhesion under wet con­
ditions was improved significantly by the use of phos­
phate monomers in the latex. 

Phosphate Monomer in Thermosetting Acrylic Coil 
Latex Coatings 
The thermosetting latexes were 

synthesized by incorporating both 
PAM-100 and PAM-200, respectively, 
and formulated into clearcoats 

Figure 2-Scrub resistance of latex paint. A and B are different paint formulations. crosslinked by Cymel® 303 (Cytec). 
The paints were applied onto either 
steel or aluminum substrates and 
cured in an oven at 180-190 ° C for 
two minutes. A comparison of the im­
pacts of phosphate monomers on 
coatings with phosphate or chromate 
pretreated panels was also conducted (Table 8). The dry/wet adhesion prop­
erties were examined upon cooling. 
The results are summarized in Figure 4500----------� 
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3500-1-------­

= 3000-1--------­
� 
0 * 

2500-1--------
2000-1--------
1500-1---------
1000-1--------

500-I-------­
Q,l--____.11--L---

Control paint Test paint 
(A) 

25001-1---------

:fl 20001-1--------­
u � 1500+-------
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500 
0 

Control paint Test paint 

(B) 

Figure 3-Fail mode of film after wet scrub resistance test. 
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8-Test paint with phosphate
monomer 

4 and Table 9. It is clear that 2% PAM-
100 or PAM-200 not only improves 
the adhesion on these substrates sig­
nificantly, but also performed better 
than the control latexes without 
phosphate monomers coated on 
phosphate (CRS vs BlO00P95) or 
chromate (Al vs Al-36; CRS vs B1000 
P60) treated substrates. 

Phosphate Monomers in Polyol Resin 
and Polyurethane Coatings 

Polyols were synthesized using the 
standard recipe and procedures indi­
cated in the previous section. Up to 
4% BOTM of PAM-100 and 10% of 
PAM-200 were successfully incorpo-JCT Coatings Tech Table 9-Phosphate Monomers to Improve Dry/Wet Adhesion of Coil Coatings 

0"lo PAM 1"/o PAM-100 2"/o PAM-100 2"/o PAM-200 

CRS 
Dry ....................... 5B (100"/o) 5B (100"/o) 5B (100"/o) 5B (100"/o) 
24 hr wet .................. OB (O"lo) OB (O"lo) 5B (100"/o) 5B (100"/o) 

B1000P60 
Dry ....................... 5B (100"/o) 5B (100"/o) 5B (100"/o) 5B (100%) 
24 hr wet .....•............ OB (0%) SB (100%) SB (100%) SB (100"/o) 

B1000P95 
Dry ....................... 5B (100%) 5B (100"/o) 5B (100%) 5B (100"/o) 
24 hr wet .................. lB (65"/o) 5B (100%) 5B (�00%) 5B (100%) 

Al 
Dry ....................... 3B (94"/o) 58 (100%) 58 (100%) 4B (99"/o) 
24 hr wet .................. OB (O"lo) 4B (98"/o) SB (100"/o) 5B (100%) 

Al-36 
Dry ..........•..•......... 58 (100"/o) SB (100"/o) 5B (100"/o) 5B (100"/o) 
24 hr wet .................. OB (O"lo) SB (100%) 58 (100"/o) 58 (100"/o) 

HOG 
Dry ....................... OB (0%) 5B (100"/o) 58 (100%) 5B (100"/o) 
24 hr wet .............. .... OB (0%) 2B (70%) 5B (100"/o) 4B (97"/o) 

rated into the polyol systems without difficulty. PAM-
100 generated turbidity even at low usage level ( 1 % 
BOTM), while PAM-200 gave a clear solution even up 
to 4% BTOM. Nevertheless, the final polyols were clear 
with almost no turbidity or precipitation and were light 
yellow to light brown in color. Although both 
monomers were successfully used 

The monomer types and their MAP/DAP mole ratios 
are shown in Table 11, and the MAP/DAP ratio differ­
ence in each monomer set was designed to be about 
10%. These monomers were incorporated into polymer 
backbones by using a model polymer system with N2% 
of phosphate monomer and N98% of MMA. In the ex-

in polyol synthesis, most applica-
tion test data reported here is for 
PAM-200 due to its better compati­
bility with the organic system. 

Table 10-Effect of Phosphate Monomer on Molecular Weight 
of Polyol in Solution Polymerization 

Sample 

Polyol control-no 

Peak MW 
M 

phosphate monomer .... 4,660 
1"/o PAM-200 ........... 5,040 
1 "lo PAM-100 ........... 4,760 
2"/o PAM-200 ........... 5,170 
4"/o PAM-200 .......•... 5,730 

Wt Avg. 
MW 

3,730 
4,290 
4,170 
4,800 
5,480 

No. Avg. 
Mn 

2,070 
2,140 
2,100 
2,180 
2,280 

Polydispersity 
M.,IM0 

1.80 
2.01 
1.98 
2.20 
2.41 

No significant differences in the 
process or final products were ob­
served during the polymerization 
with phosphate monomers com­
pared to the control polymeriza­
tion without the phosphate 
monomers. Table 10 summarizes 
the GPC analysis data for polyols 
with both phosphate monomers. 
The molecular weight did increase 
slightly when the phosphate 
monomers were used but it was 
not significant, even at 4% BOTM 
level. The relatively high MAP/DAP 
ratio dramatically minimized the 
degree of crosslinking and allowed 
the system to maintain a proper 
molecular weight/viscosity. 

Figure 4-Adhesion improvement by 2% of PAM-100 in clear coil coating application. {The coating 
is a melamine crosslinked system and was cured at 180-190°( for 2 min.) 

To understand the benefits of 
high MAP/DAP ratio, four phos­
phate monomers with different 
MAP/DAP ratios were synthesized. www.coatingstech.org 4 

3 

2 

4 

3 

2 
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Table 8-Substrates for Coil Coating 
Evaluation 

Reference Descri tion of the Su.-=b=--=st::.:ra�tecccs ______ _ 

CRS ............... Cold roll steel 
BlOOOP95 ...... Phosphated non-chromated steel, DI water rinsed 
B1000P60 ...... Phosphated chromate sealed steel, DI water rinsed 

Al . ................ Aluminum 3105 mill finished 
Al-36 ............ Aluminum 3105 mill finished with chromate 

treatement 
HDG .............. Hot dipped galvanized steel 

monomer on the aluminum substrate and with only 
1 % BOTM of the same monomer on the zinc phos­
phate-treated steel substrate. The dry adhesion also 
showed significant improvement using latex with only 
1 % BOTM of the phosphate monomer. 

Phosphate monomers can also improve the appear­
ance of the film surface. With 3-4% dosage of PAM-
100, the film gloss was superior to the control. On zinc 
phosphated panels, the resin made with different 
dosages of PAM-100 gave equivalent or higher gloss 
compared to the control. In addition, the hiding power 

of the paints was investigated by measuring the contrast 
ratio and comparing to the control. The results are 
shown in Figure l. The hiding power of the paint im­
proved and the improvement was proportional to the 
amount of PAM-100 in the latex. 

Wet scrub resistance of the latex paints was signifi­
cantly improved by PAM-100. Figure 2 shows the scrub 
resistance of two phosphate-monomer modified paints 
on aluminum substrate. Two percent of PAM-100 was 
used in the latex synthesis. Scrub resistance was in­
creased from N300 cycles to over 4000 cycles in one sys­
tem and from N600 cycles to over 2700 cycles in an­
other system. It is also noted that the failure mode in 
the test had changed. The control failed by adhesion 
loss, while the experimental paint films containing 
phosphate monomers failed by wearing (Figure 3). This 
test further confirms that the adhesion under wet con­
ditions was improved significantly by the use of phos­
phate monomers in the latex. 

Phosphate Monomer in Thermosetting Acrylic Coil 
Latex Coatings 
The thermosetting latexes were 

synthesized by incorporating both 
PAM-100 and PAM-200, respectively, 
and formulated into clearcoats 

Figure 2-Scrub resistance of latex paint. A and B are different paint formulations. crosslinked by Cymel® 303 (Cytec). 
The paints were applied onto either 
steel or aluminum substrates and 
cured in an oven at 180-190 ° C for 
two minutes. A comparison of the im­
pacts of phosphate monomers on 
coatings with phosphate or chromate 
pretreated panels was also conducted (Table 8). The dry/wet adhesion prop­
erties were examined upon cooling. 
The results are summarized in Figure 4500----------� 

4000-1--------
3500-1-------­

= 3000-1--------­
� 
0 * 

2500-1--------
2000-1--------
1500-1---------
1000-1--------

500-I-------­
Q,l--____.11--L---

Control paint Test paint 
(A) 

25001-1---------

:fl 20001-1--------­
u � 1500+-------
o *- 10001-1--------

500 
0 

Control paint Test paint 

(B) 

Figure 3-Fail mode of film after wet scrub resistance test. 
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4 and Table 9. It is clear that 2% PAM-
100 or PAM-200 not only improves 
the adhesion on these substrates sig­
nificantly, but also performed better 
than the control latexes without 
phosphate monomers coated on 
phosphate (CRS vs BlO00P95) or 
chromate (Al vs Al-36; CRS vs B1000 
P60) treated substrates. 

Phosphate Monomers in Polyol Resin 
and Polyurethane Coatings 

Polyols were synthesized using the 
standard recipe and procedures indi­
cated in the previous section. Up to 
4% BOTM of PAM-100 and 10% of 
PAM-200 were successfully incorpo-JCT Coatings Tech Table 9-Phosphate Monomers to Improve Dry/Wet Adhesion of Coil Coatings 

0"lo PAM 1"/o PAM-100 2"/o PAM-100 2"/o PAM-200 

CRS 
Dry ....................... 5B (100"/o) 5B (100"/o) 5B (100"/o) 5B (100"/o) 
24 hr wet .................. OB (O"lo) OB (O"lo) 5B (100"/o) 5B (100"/o) 

B1000P60 
Dry ....................... 5B (100"/o) 5B (100"/o) 5B (100"/o) 5B (100%) 
24 hr wet .....•............ OB (0%) SB (100%) SB (100%) SB (100"/o) 

B1000P95 
Dry ....................... 5B (100%) 5B (100"/o) 5B (100%) 5B (100"/o) 
24 hr wet .................. lB (65"/o) 5B (100%) 5B (�00%) 5B (100%) 

Al 
Dry ....................... 3B (94"/o) 58 (100%) 58 (100%) 4B (99"/o) 
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Al-36 
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Dry ....................... OB (0%) 5B (100"/o) 58 (100%) 5B (100"/o) 
24 hr wet .............. .... OB (0%) 2B (70%) 5B (100"/o) 4B (97"/o) 

rated into the polyol systems without difficulty. PAM-
100 generated turbidity even at low usage level ( 1 % 
BOTM), while PAM-200 gave a clear solution even up 
to 4% BTOM. Nevertheless, the final polyols were clear 
with almost no turbidity or precipitation and were light 
yellow to light brown in color. Although both 
monomers were successfully used 

The monomer types and their MAP/DAP mole ratios 
are shown in Table 11, and the MAP/DAP ratio differ­
ence in each monomer set was designed to be about 
10%. These monomers were incorporated into polymer 
backbones by using a model polymer system with N2% 
of phosphate monomer and N98% of MMA. In the ex-

in polyol synthesis, most applica-
tion test data reported here is for 
PAM-200 due to its better compati­
bility with the organic system. 

Table 10-Effect of Phosphate Monomer on Molecular Weight 
of Polyol in Solution Polymerization 

Sample 

Polyol control-no 

Peak MW 
M 

phosphate monomer .... 4,660 
1"/o PAM-200 ........... 5,040 
1 "lo PAM-100 ........... 4,760 
2"/o PAM-200 ........... 5,170 
4"/o PAM-200 .......•... 5,730 

Wt Avg. 
MW 

3,730 
4,290 
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4,800 
5,480 

No. Avg. 
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2,070 
2,140 
2,100 
2,180 
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Polydispersity 
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1.80 
2.01 
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2.20 
2.41 

No significant differences in the 
process or final products were ob­
served during the polymerization 
with phosphate monomers com­
pared to the control polymeriza­
tion without the phosphate 
monomers. Table 10 summarizes 
the GPC analysis data for polyols 
with both phosphate monomers. 
The molecular weight did increase 
slightly when the phosphate 
monomers were used but it was 
not significant, even at 4% BOTM 
level. The relatively high MAP/DAP 
ratio dramatically minimized the 
degree of crosslinking and allowed 
the system to maintain a proper 
molecular weight/viscosity. 

Figure 4-Adhesion improvement by 2% of PAM-100 in clear coil coating application. {The coating 
is a melamine crosslinked system and was cured at 180-190°( for 2 min.) 

To understand the benefits of 
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