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e descrilw novel applivalions of phosphate functional eromers in fneh-
mers obtatred by vadical polyerization. These polymers are destened to improve
' the dry/wer adhesion. of coatings and adhesives on nretal surfices. Ture phaosphate

monomers wire incorpurated smoothly tnte the polymer resing withont mafir for
-mulation or procedure change. thase mtomers have bren wsed it @ wide tange
- of applicarions o tmprove the properties on a variely of subsirates, They dramati-
eally improved wdhesion as well ws other related Proferties, such dr el sirieh re
sistance and corrosion vestnance, for the formudated COMEER RS,

INTRODUCTION

The ability of a coating to adhere onto dilferent substrates under both
dry aned wet conditions is critical for many applications. One method of
improving adhesion is W incorporate luncrional groups that promeale ad-
hesion into the resins. These functional groups enguge in specific interac-
tions with the subsirates, and, thus, improve the adhesion.

1here have been many publications repoanting adhesion prometion in
metal substrates by phosphorus-containing funetiomal grovps.' T lhe
phasphorus-comaining functional groups can be incorporated into the
polymers during the polymerization or through post-modiflcation of (he
resing, When these 1esins are used in coatings or adhesives, the adlesion
and anticarcosion performance of the final products are significantly im-
proved. DelDonne” discussed (he adhesion promotion to metal Lsing
rolymers with pendant phosphorus groups.

Obwiously, inconurating a phosphoms-containing meonomer during
the radical polymerization is a mare direct approach than the post-madi-
fication of the resing. However, commercially available phosphonate
monamers are generilly very expensive and have poor reaclivily {Tear -
ample, vinyl phosphonic acid). On the ather hand, thete are very lew
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phaspliated monomers available on the market. OF
these existing monomers, somwe are oot commpitilzle
with other comimon monomer compositicns, the poly-
mer [ormeéd, and solvents, Moreover, they genevally
conlain a substantial amount of residual phosphaoric
acid that can e dewhmental to the end use propertics.
This, combined with the usual high dialkyl phosphate
content low ratio of monualky] phosphate [MAT) (o
dialkyl phosphate (L2AP)] of these monomers, makes
them difficult w use, especially in a soludon polymer-
izallon process, becanse dially] phosphate has two
double bonds and is a crosslinker for pohmerization.

Rhodia hay developed a proprietay technology it
malies it possible o produce phospliale monomers
wilh highy MAT/DAT vatio, low acld content, and gouod
compatibility with commondy used monomer compo-
sitions o sulvents. 'L hree monomers [wo nethacry-
lates— Sipomer™ PAR-100 and Sipomer™ PAM-200;
and one acrylate—Sipomer PAM-300). all made by this
technology, are commerdally available. All the
moenomess have the following general swucture;

F o
. \\P /GH
Hy G \x‘fmﬁ: \

all

Q
where B - CIL, or H, and R, = alkyl,

The monomers were incotpolated Into mesing by rad-
iral polvmerization and subsequently formulated lnto
paints. These paint fonmulations have shown a signifi-
cant aproverment in both wel and diy adhesion as
well as other coaling properties,

MATERIALS

The phusphale monomers were preprced wsing
Rhodin's proprietary technology. No [wther purifica-
Licnn was performed. They are vellow to brown viscous
liquids. Typically the monomers have @ MAPYDAP ratio
higher than 80:20, and the weighl percentage of the
residial nonionic compound and phosphoric acid are
trpically less ihan 6%,

AlT other materials were purchased [bom Aldrch or
ublained trom other suppliers directly, They were used
without further Leaunent,

RESIN SYNTHESIS

Acrylic latexes were polymerized thermally at 802
ined 1.2 liter resin keule with mechanical agitation us-
ing a seeded procedure {Takde 1. The phosphate
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Table 1—Latex Farmulation for Caatings

Ingradients Yeight (q) % BOTM
Kettle Charge

Defonized wateT. e 2006 —
Anianic surTackan e e e e 5.0 03
Motamer Emulsion

Diedonized water ... 1813

apinnic suifactant... 20,0 1.2
Methyl metharrglats LR 520
Butyl acnlale” e .. 2450 47,0
Methatmlic 3o o e e vrccemriniarn 5.0 1.0
Initiator Solutich

Meinmized watty. e ieeeeee. SELD —
Armmonium persutfale . e 2.0 04
R | PPV PR, [t 4| =

fa) PAK-100 or 200 gl 7% were tsed to replece BA i1 wvalpaling ©
pheaphale monomers.

minemers were incomorated at a level of (-4% based
on total monomer (B While PAM-200 bad no
impact on the mcnomer pre-emulsion sability or poly-
metizalion, PA-100 did de stabilize the monomer
emulsion at =2% BCYEM level, A scparate momaomer
feed is necced in this casc.

A similar lawex polymerizaion procedurs was used
for make e themmoseiting coil coating lates with a dil-
ferent monomer composition [Tabli 2. To provide the
hydrosyl lunctionality which would laler allow
crosslinking by melamine, 2-hydroagyethyl methacmvlale
[LILAMA)Y was usenl. In addition, isobony] methacylate
[TBOMAY was used to adjust the mechanical properties

Table 2—coil Coating Latex Synthesis

Ingredient Woight (g)  BOTM (%)
Kettla Chaige

DedanTzatd Waler e 180,00

ADRe 2005 @ 306G L. 1.33 0.1
Ma Bicarbonate 0 100% e Gl

Monamer Emulsion

Bednimized Watti vemnrmneaic e e e LBELAS —
ABEX 2005 2 30% oo i 17.33 13
Hydroxyethyl methacryats ... 20,00 5
BEWTEMR s vecemecv e oo £0.00 20
Butyl acrylate® ., 160,00 £0
MMA . aieeee e EG.00 21
L L T U UPURPURPP. 1- 8| 4 1z
Initiator Solution

[T anized WALET i rree e ceem e meen 05.00 —
Anmaniad sersulfate. e 2ol C.4
PAM-100 o e e 3.0 z

(a) PAM-10% g 2840 al 1--6% were nsed <oorealace BA i evawlicy
ohasphate manumers,
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Ingredient Weight (g) % BOTH
Kettle Charge

n-Butylacetate . ... .. ... ... T9.4 —
Manomer Mlixhsre

IBOMA . e G3.0 Z0.7
Mathy, mezhaenylate ... ... 45.1 147
2-Hydrowyechyl metSacrlate .. ... _ .. 75.8 248
Butylacrylate ... ..ol BE.4—x 19.1-Y
) A - 3.0 an.r
PAM-2000ar 100 ... .., ... 0. 0. 3 Yex306,2
n-Dodecyl mercaptane . ........ .. 240 8.1
Initiator Solution

Nazn BT . e e e e i e 2.4 0.8
n-Butyl avelate .. ... . ... oo, 3.0 —
Chaser Solutien

Nazn 7 oo e e e 1.2 04
n-Bukyl acelale . .o, L. L oL c.a =

Preretizal values: 5 solids; T8%; W0 Ea0d; Ecnivalenl wrighls 5247
Loss transition temparzla-o: S6°C,

of the film. Phosphate monemers were used at a level
of 1,2, and 49% BOYM, respectively, W compare with
the control that did not contiin any phosphate
MOIOMEL

The solventbome acrvlic polyo! was made by solu-
ton polvmenzation with a monomer composition of
sdMA 2 -t reneyethyl methacndate [HEM ) BA/ Sy enef
Sipomer™ [BOMA with TAM-200 {Talde 3], At 0-10d4,
1A% 200 was vsed in the same formulation without
change of the procedure. IBOMA was used 1o educe
the viscosity of the resing while improving the mechan-
ical properties of the [ilm. The polymetizalion was car-
ried out aL 122*C in butyl acetate, and n-dadecy] mer-
captan was used Lo control the molecular weight

fable 4—rhite Pi gmerted Gloss Paint

Formulation

Materials Lb Gal
Grnd to Hegman 6.5-7.4
Water o .. oo e e 8.3 4.8
Rhodaline 111 (Rhedial ..o .o L. T.E C.8
Triten CF-10 (Rubm and Haas) .. .. - - . 03
Tikure 8900 [DUFOATY . oovneen.., 1512 &5
MHAOH 2E% ..o 1.0 0.1
Letdown
Waber . oL 44,7 6.0
Arrglic later (4LA%] ..o fie5.2 718
Dowancl BB .., oL a0 oo, 41.8 5.6
Breamol DB .o oo e s 22.8 2.0
BYH QEO . L L L e 2.0 0.2
Lrgargr 252FC (300 in watar) .., ... L4 1.7
HH,OH (28%) .. .o 1.0 a1
Tatal ..., . L SR e D56.49 0g.5
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PAINT FORMULATION

The latexes were fomnulated incg an industrial while
paint [Fable 13 or clearcoit in order w evaluate the per-
formance. Bhodeoline® 1560 {from Rhodia) al i level
of 0.7-0.8% of the total formula weight was used 1o
adjust the theology of the foxmulation. Irgacor® 2521°C
{fromm Ciba) was necessary 1o leep the [lash mastng
(rom ocnarming insomee siodations such as cold rolled
steel subsirate.

The solution palyols were formulaied with
Tolonate® HIZL-LY, which is an isocvanate crosslinler,
and other additives/solvents inte a polyurethane
clearcoar {fable 1) For further sali spray tosts, anticor-
rosion pigments, Litanium dicsdde, and illers were
wsed (or farmulate into a polvorethane primer. The
polyurethane primers were applied to proper subsirates
with dow film thickness of 25 pm and cured at reom
conditions for five davs belore the tests.

TEST METHODS

The following test methods and instrumenty were
used W characrerize the lalexes: viscosity measurement
bv Brookileld sodel TH-111 Programmable
Rheometer; mechanical siabily by Waring Blender
22,000 RTMd; freezefthaw cycles, accelerated aging tests
at 607 C dor 30 days; and particle sive analysis by
~icomp Submicron Particle Sizer Aulo Dilute model
AI7P0 Wer gum was determined by weighing (he
amount, in grams, of the coagulum on the blade and
thermocouple "The collected git was [iltersd, rinsed,
and driedl by paper towel.'Ihe toal diy gum is the sum
of the grit and coagulum atter dryving ovemight, Gril is
used to describe the amount of filtered particles only.

Aluminum, cold rolled sigel, gaivanized sieel, Trom
phosphate reated steel [Bonderie™ 1000, and zine
phosphate treated sieel [Ronderite™ 952) were used to
coneuct the paint property smdies, In the case of coil
coatings, chromated aluminum and stecl were used for

Table 5—rPotyurethane Formulation and
Cvaluation

Weight (g) % Solids Wotes

Part I

Polyel o oo hl.4 00 aff, wt, 524.0
BYR-361 (1%) .. ....... .. 30 1.0

T-12 {0.5% in bukyl acetate) . 5.0 0.5

Butyl acetate ............ 5.0

Walenc ..o 179

Fart 1T

Tulonate HOT .. ...o vt .. 13.8 cg. Wl 1810

[n1 Woight x salids 80008, NLOOH calio 1,05, svleresbatyl acslaly
ratia 2.0
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Table 6— Latex Properties of Phosphate Monomer Modified Latexes

M1 M3
PAM-100 % BOTM ...cccee veveunnnnnnen 0 0.25
PAM-200"% BOTM.....ccceevveeennnens = =
% 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) wuvevrrvvreeeriiinennne. 263 371
F/T stability (# cycles).... 0 0
60°C oven stability (days) ........ >30 >30

(a) Monomer composition: 52 MMA/47BA/1 MAA/0-2% BOTM p lasp hatemonomer .

comparison. All panels were cleaned 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 clearcoats, the film properties

www.coatingstech.org

Reference #

M4 M5 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.

0987 —— ——— e
0.986 et
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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 5B 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

PAM-100 Dry Wet

Paint ID (% BOTM)  Adhesion Adhesion

Coatings over Al:

L5 S ——— 0 4B 0B
4B 3B
5B 3B
5B 5B
5B 4B
5B 1B
5B 5B
5B 5B
5B 5B
5B 5B
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]
Descri tion of the Sub_states

CRS..couereennnnsd Cold roll steel
31000P95 ...... Phosphated non-chromated steel, DI water rinsed
1000P60...... Phosphated chromate sealed steel, DI water rinsed

Reference

Al....ccoveeennnee. Aluminum 3105 mill finished

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

HDG ...c.vvveneee Hot dipped galvanized steel

=

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

T = B

Phosphate monomers can also improve the appear-
jnce of the film surface. With 3-4% dosage of PAM-
00, 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

b

4500 ' =
4000 +——
3500 +———
3000 +——9 )
2500 49—

-0

gure 2—Scrub resistance of latex paint. A and B are different paint formulations.

paints was investigated by measuring the contrast
nd comparing to the control. The results are

in Figure 1. 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 ~300 cycles to over 4000 cycles in one sys-
tem and from ~600 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
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-

2000 +——

04— Pemm— ;
Control paint Test paint Control paint

(A)

Figure 3—Fail mode of film after wet scrub resistance test.

A—Contro! paint without
monomer

February 2005
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)

B—Test paint with phosphate
monomer

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
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 B1000P95) or
chromate (Al vs Al-36; CRS vs B1000
P60) treated substrates.

Test paint

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-
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Table Q—Phosphate Monomers to Improve Dry/Wet Adhesion of Coil Coatings

0% PAM 1% PAM-100 2% PAM-100 2% PAM-200
CRS
DIY 56, -+ CECR IO - - - - - - - 5B (100%) 5B (100%) 5B (100%) 58 (100%)
24 hrwet ... 0B (0%) 0B (0%) 5B (100%) 5B (100%)
B1000P60
) I 5B (100%) 5B (100%) 5B (100%) 58 (100%)
24 hrwet ... 0B (0%) 5B (100%) 5B (100%) 5B (100%)
B1000P95
DIV e e e e e 5B (100%) 5B (100%) 5B (100%) 58 (100%)
24 hrwet ... 1B (65%) 5B (100%) 5B (100%) 5B (100%)
Al
) I o 3B (94%) 5B (100%) 58 (100%) 4B (99%)
2hhrwet ... 0B (0%) 4B (98%) 5B (100%) 5B (100%)
Al-36
Drye. ..« .. oot oyt . . 5B (100%) 5B (100%) 5B (100%) 5B (100%)
24 hrwet ... 0B (0%) 5B (100%) 58 (100%) 5B (100%)
HDG
DIy « ... .o i s aa - - - - 0B (0%) 58 (100%) 58 (100%) 58 (100%)
24 hrwet ... 0B (0%) 2B (70%) 5B (100%) 4B (97%)
rated into the polyol systems without difficulty. PAM- The monomer types and their MAP/DAP mole ratios
100 generated turbidity even at low usage level (1% are shown in Table 11, and the MAP/DAP ratio differ-
BOTM), while PAM-200 gave a clear solution even up ence in each monomer set was designed to be about
to 4% BTOM. Nevertheless, the final polyols were clear 10%. These monomers were incorporated into polymer
with almost no turbidity or precipitation and were light backbones by using a model polymer system with ~2%
yellow to light brown in color. Although both of phosphate monomer and ~98% of MMA. In the ex-

monomers were successfully used
in polyol synthesis, most applica-
tion test data reported here is for

PAM-200 due to its better compati- Table 10—Effect of Phosphate Monomer on Molecular Weight
bility with the organic system. of Polyol in Solution Polymerization
No significant differences in the Peak MW Wt Avg. No. Avg. Polydispersity
process or final products were ob- Sample M, M, 5 MM,
sgrved during the polymerization Polyol control—no
with phosphate monomers com- phosphate monomer . . . .4,660 3,730 2,070 1.80
pared to the control polymeriza- 1% PAM-200 . . ... ... ... 5,040 4,290 2,140 2.01
; . 1% PAM-100 . .. ........ 4,760 4,170 2,100 1.98
tion without the phosphate . 2% PAM-200 . ... ....... 5,170 4,800 2,180 2.20
monomers. Table 10 summarizes 4% PAM-200 . ... ....... 5,730 5,480 2,280 2.41
the GPC analysis data for polyols
with both phosphate monomers.
The molecular weight did increase Figure 4—Adhesion improvement by 2% of PAM-100 in clear coil coating application. (The coating
slightly when the phosphate is a melamine crosslinked system and was cured at 180-190°C for 2 min.)
monomers were used but it was : - " "
not significant, even at 4% BOTM &0y nthaeion I i 5 oL aden n { 24 hours [
. . % PAM | |
level. The relatively high MAP/DAP s ' L
ratio dramatically minimized the 4 ¢
degree of crosslinking and allowed o
the system to maintain a proper
molecular weight/viscosity. 2 e
To understand the benefits of Y 1
high MAP/DAP ratio, four phos-
phate monomers with different o : g & 5 ralin o
MAP/DAP ratios were synthesized. & f @53‘? » ﬁ;’? »@é} & ‘S_‘fh @:‘3@ v &S
@ @ k] &
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Figure 5—Compare the viscosity of copalymer soution with phosphate
ester of penlapropylens glycol monomethaceylate at different
MAR/TAR ralio.
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Figure 6—Compare the viscnsity of copolymer solulion with phosphate
ester of hesaethylens glycol monomethacrylale at different MARDAF
ratin,
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Figure 7—Relalionship of G, 67 vs. frequency far coprlymer solutian
with PAM-200 at different MAP/DAP ratin.
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Table 11— phosphate Monomers at
Different MAP/DAP Mole Ratio

Sampie Code

MAP/DAP Ratie (Molar)

L 121 P .86 15
HighP_3452 .-\-e-... 037

Lok 057 e L TRS2E
HIGHE 5381 1vrvomsreseeeoon oo oo eeseessmresenn B 14

periments, 1.0 g of phosphate monomer, 50,0 g of
methyl methaomvlate monomer, 1.2 g of axohisisobuty-
ronitnile {AIBN] as the initiator, and 1131 g of TIIT sol-
venl wele placed im a olesed pressure reaction veysel
equipped with a magnetic stir bar, After bubhling niuo-
gen through the reaction boatle, i was placed in a water
bath for about 24 hr with magnelic stirring, At the end
ol the reaction, it was ohserved that the producis witl
lower MAP{DAY? ralio phosphate monomerns had obvi-
ously higher viscosity and the solulion was more elastic
(the liquid drop can be elongated which indicates thal
the scdution is closer o a gel state},

The polymer solution viscosites swere measured us-
ing a Brooldield Rheometer and the G'/G" with an
ARES strain-conlrolled Rhcometer. The diata are sum-
marixed in Figures 5-7. All the data cleatly showed thai
the polvmers with high MAP/DAP ratio phosphae
monomer had lower molecular weight aud had less gel-
lile properties, and the difiersnees were significant
enougl to be observed even when the MAPTIAT rlio
decreased fromn 9377 to 55/15 or from 8614 1o 72/24,
A high MAP/DALY ratic phosphiaie moncmer is critical
i the symtlesis of polyols o prevent gelation and al-
o a useful phosphate level to be introduced in the
polyols.

ln a polyurethane clearcoat formulation, (he polvols
were tested Tor Lhelr drpfwet adhesion. The resalts again
showed signiticant improvement in adhesion when
phosphate monomers were uscd (Table 12). 1o addi-
ton, a white pigmented palyurethane primer with anti-
coTrosion pigiment was ilso examined. Slight viscosity
reduction was olmerved with the phosphaited polvols.
Salt spray perlonmance was tested by an independent
Tl Signiticantly better corrosion resistance was ol
served [Figures & and 9], Tor the coatingy un cold rolled
steel sulwicale in Figure 8, the conteol panels without
Lhe phosphate monomer Lailed after anly 100 hr aod
were full ol blisters and rust, while the Lesiing pancls
with PAM-200 remained olean until 500 br.

Similar resulis were also foimd an phosphate-treated
steel subsirates { Figrre 9). The polyurethane film with
2% of PAM-200 rsassed 1000-hr salt spray tests, and out
performe the contols with 0% PAM, which tusted by
750 hir.

It is 1o e noted that both the polyol syndiesis and
polynrethane fonpulation were not optimized for the

JCT CoalingsTech



Firlre 8—5alf spray fests on cold rolled steel surface,

0% PAMAGOD hr 2% PAM-—200A00 hr

2% PAM-200,250 hr 2% PAM-203/500 hr

Figure $—35alt spray tests on phosphate steel surface.

0% PAMTS0 hr 0% PARA 00D hr

2% PAM-200/250 hr 2% PAM-Z00:500 hr

wewwcogtingstech. org
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lesl. 1he tests wele also in very
tough conditiomy, ie, dry film
thickness of 25 pm and (ive days'
curing lelore e tests. Better re-
suits could be obtained with care
ful aptimization and formuladon
when phosphate maonomers anz
used. Lhe results indicate that it
may be possible 1o formulaje the
real divect-to-metal polvurethane
LoAtings, of o teduce o eliminate
the coating steps in high perform-
ance situations such as auiome-
tive applications,

Phosphate Monomers in
UV-Curable Coatings

Lirniled waorik was done on TTV-
vutable coatings, Iowever signili-
cant adbesiom improsemmend was
observed as well. As 4 mnonomer
in v-curable tormulations,
1*Abd-100 was examined as an ad-
hesion promaoter. 10 was used
in the formuoalation to adjust the
hardness of the film, The adhe-
siom was tested imiedialely alter
curing by LY light at 50 fi/mn for
Lwa passas. With 290 of PAM-100,
the adhesion improved fronn Q5

2% PAM-200M00 hr

2% PAM-2001000 b
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Aluminum

Iramersian hours,,.... Dy 2 4

Contrul.... 1B A g

1% PAM.... e 3-4B B {E

45 PEM e, SR -8 i:]

Cold Rollad Steel

Linmarsion hours...... Ty 2 4 &
Control i 5B 4-0H 2B o
1% PAM,,.. . &b 3B 2B 1R
A% PEM . e 5B SR 5B 50

Countrob—ng PAMs 2% PAM-100
Unbroated Al .oy ne (0% SB (100%)
[ — DB [0 3-4B [20-97%)

te 5% on almnioum and from 08 to 3-48 on cold
ridled stew] substrates (Tl 133, This again proves the
etfectiveness of phosphate monomers for adhesion pro-
moeHion on metal suriaces.

CONCLUSIONS

PARM-100, PAM-I00, and PAM-300—a novel olass of
phiosphate monomers—have been shuown to have sume
unique haracteristcs comnpared o other similar prod-
ucts in the market. These characieristics include better

52 Febroary 2005

Table 12—Dry/Wel Adhesion Improvement of PAM-200

4-5B 4-5B

compatibility with common organic
sysiems, higher MADAT miilo, and
lewwer phosphoric acid content.
Coatings with resins made with these
monemers, incudmyg themmoplastic ba-
tex, themmaosetting latex coil, solvent-
harne polynethane, and Uv-curable
voatings, have shown signiticant adhe-

4 slon Improvement on various metal
0B substrates. Other adhesion related
ne

properties, such as scrab resistance and
COTTosion Tesistance, are also improved.

ACKNOWLEDGMENTS

The authors thank Fugene Anderson and Bobernt
Reierson for Lhe syniheses of the phospliate monomer
samples used 1o these experlments. We are also In-
debted 1o the NME analytical suppornt by 1leiko
tdavermann, and the pobyurethane applicatdon test sup-
port by Richard Rosen and Sagyen Trivedi B

References

(1] Bresee-Brondiow, O, Boowavin, B, ITereand, ¥ and Caleyvaid,
M L Appl, Poly. Sci, 83 (11, 2277-2287 (2002},

{21 Wang, U 5 and Shieh, b8, Fue telpm J 306 (3], 243452
{2000].

(&) Ahad T Salam Slaadeal, M. andd Pedlle T f Adh Sci Tiehnael, 17
[3], 319-361 |_'|"'.5':."-."'i_'|.

[2) Mlatsomura, bl Tanaka, T and Alsut, Mo Deatisery, 23 [3 4}
2KE T (1997,

[3) Jin, §L. Hstwe G Ho, and Chin Y5, ) Mol Sei, Parl A
Polpm, Chenr, 35 (3], 863674 (19970

(&1 Clatk. B, Doctive Corp. Mowingreo, 2T, LS. Palent 4,990
{147,

(7] Pelldonne, LA TS, Matea 5,1 0714629 {1033

JCT CoatingsTech



	phosphate polymerizable-44
	phosphate polymerizable-45
	phosphate polymerizable-46
	phosphate polymerizable-47
	phosphate polymerizable-48
	phosphate polymerizable-49
	phosphate polymerizable-50
	phosphate polymerizable-51
	phosphate polymerizable-52

