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Effect of Anticorrosive Pigmentation on the
Performance of Vinyl Coatings*

THOMAS GINSBERG,* JOHN D. KEANE,** and JOSEPH A. BRUNO**

introduction

THE CORROSION OF STEEL requires the presance of both ox-
ygen end water. it has been long known that coatings which
provide an sffective barrier to one or both of these elements
will effectively reduce corrosion. Tar and grease are well-
documented examples of such coatings. As coatings tech-
nology developed, it was discovered that certain compounds
provided additional anticorrosive properties. Thus, when dry-
ing oils began to be used, the technique of incorporating cer-
tain pigments, particularly derivatives of lead, became popular
because of the additional protection they provided. With the
advent of synthetic resins, technologists continue to use
those formulating principles.

While the mechanism by which anticorrosive pigments
provide a corrosion retarding sffect to coatings is not entirely
understood, it has been shown empirically that compounds of
lead and zinc are particularly effective tor this purpose. The
corrosion protection attorded by these two pigment types is
quite different. While lead pigments are believed to retard cor-
rosion primarily through the generation of an alkaline environ-
ment, zinc pigments are thought to be effective primarily
through metal passivation caused by the siow release of zinc
or chromate ions, While the presence of ions has been dem-
onstrated to be of considerable heip in reducing corrosion, it
has also been demonstrated that a sait of high solubility such
as sodium chromate does not protect the substrate, and can
actually be harmful. Therefore, an effective anticorrosive pig-
ment should have proper balance between solubility and in-
solubility.

The development of highly hydrophobic and chemicaily
insensitive high parformance polymers in the last few decades
has provided a level of resistance properties unknown in
earlier types of coatings. However, the earlier principles of for-
mulation were 8o deeply entrenched that many of these newer
high performance binders were formulated into coatings ac-
cording to established pigmentation rules. However, new
forces in technicai and regulatory areas foster  change con-
stantly. There is considerable stimuius to eliminate the
presence of heavy metals such as lead and chromium (as
chrome) from paint formulations. Viny! coatings have been
used for many years with and without anticorrosive pigments
both in government paint specifications and proprietary com-
positions.

Methodology
The severs raw material shortages following the oil em-
bargo of 1973 convinced many researchers and engineers that
it was time to develop data enabling the formulator to select
suitable alternative paint ingredients. The prospect of short-
ages and reguiatory limitations was the basis of the PACE
(Performance of Alternate Coatings in the Environment) pro-

* Voluntary paper submitted for publication February, 1982.
“Union Carbide Corporation, Bound Brook, New Jersey.
**Steel Structures Painting Council.

ject at the Stee! Structures Painting Council In Pittsburgh,
Pennsyivania.

After an industry-wide saarch, a critical survey of aiter-
natives, and selection of the most promising candidates, a
broad range of products was evaluated. Some of these were:
free of pigments, resins, and solvents which could be poten.
tially hazardous during application, use, and removal; pro-
ducts low in volatile organic poliutants; surface preparation
methods that are safe and nonpoliuting; and improved primers
and pretreatments.

These coatings were exposad In five typical environments
in a statistically designed experiment In which they were
directly compared with reproducible standard products, the
pertormance of which had been documented over many years.
The program was administered by a balanced committes of
producers and users who selected promising products for
evaluation.

The evaluation of a variety of anticorrosive pigments in
vinyl coatings was one of the sarliest saries started. Thanks to
the early initiation of tests, panels in this particular series
have logged a substantial length of exposure, and have
reached a point where the results yield valid concliusions.
While the PACE program continues to evaluate a vatiety of
coatings, the branch on pigmentation of vinyl coatings has
provided valuable information which is presented here,

A smail ssgment ot this work considerad the performance
of vinyls over hand cleaned, rusty, and intact miliscale sur-
faces with a thick coat of wash primer. Three primer formula-
tions were exposed in three environments.

The vinyl formulation described in Mit. Spec. MIL-P-15929
was chosen. A variety of pigments were substituted for red
lsad at & constant pigment volume concentration: aluminum
flake, calcium boro silicate, zinc molybdate, barium meta-
borate, zinc sulfo oxide complex, micacecus iron oxide, and
red iron oxide/barytes. These primers were applied to steel
panels blast cleaned to either white metal (SSPC-5P 5) or near
white (SSPC-SP 10) using stesl grit or shot sabrasives, and
primed with wash primer conforming to Mil. Spec. MIL-
P-15328. The standard United States Navy vinyl alkyd (MiL-
P-16188) was used as topcoat.

Film thicknesses were well-controlled (Tabies 1, 2, and 3)
to minimize the thickness-related effects. Ten percent of the
panels ware selected randomiy and replicated to establish a
statistical measure of precision.

Panels were immersed at room temperature in fresh (dis-
tilled) and synthetic sea water (ASTM D-1141-52) and exposed
to salt fog (ASTM B-117), and to a severs industrial atmosphere
at a coke works. Initially, only the pansls exposed at the in-
dustrial site were scribed. The salt fog panels were stili in ex-
cellent condition after 8000 hours exposure. At this point, they
were scribed and reexposad for an additional 3500 hours.

Exposure Results
As shown in Table 4, all but one of the panels were still
perfect after 5700 hours of fresh or sait water immersion.

Similarly, the panel surfaces exposed In the severe industrial
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TABLE 1 — Flim Thicknass Summary: Wash Primaer
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TABLE 2 — Fiim Thickness Summary: Wash Primer Plus Three

Note Fam Thickness mils (Y mil « 25 4 um)
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Ful! System (Wash Primer Plus Three Primar Costs Plus Topcoat)

- - R » a
E F 3 PR B § I %
igmam § x g z = E 2 g i 3 5 § - £ H
© = - -1
H £ f go i . £ £ ] 3
Suriace ] f i § F i § = £ 3 3 H ] L
Environmant Rraparation E 3 F3 = = 5 i - T &0
$ait Water Steal Qrit 51 62 5% 61 T2 [ 3] &7 b6 EL] L¥ 66 &7 - - -
mmarsion [-31]
EBPCEP 5§ 59 - - - T8 - - - - - - to _ . -
el Grit 5E 'Y 58 &2 T¢ 71 70 €0 58 83 LE 58 7 8c 8¢
SEPC SR 4 - - 61 - - - 56 - - - 7e - - - -
Franh rtmet — — - - — — — - - - - - LE] 45 67
Water Minsca
L i SAPC 8P - - - - - - - - - - - - - -
20% Rusty - - - - - - - - - - - - 66 73 60
Milecsle
SSPC.8P 2 - - - - - - - - - - - - - - -
Py Sand - - - - — - — - - - - — 8 85 B2
SSPC P10 - - - - - - - - - - - - - - —
Steat Qrit 54 (Y L€ 51 76 €6 52 a8 E1) 78 77 57 78 az 80
G
EAPC EP 5 - - - 78 - - - 40 - — - - - -
Sies! Shot 57 5" 59 64 78 66 60 51 61 83 12 78 - - -
20
:WPC P10 - 67 - - - 71 - - - - - - - - -
Coke Inact - - — - - - - - - - - - 63 e L2
Wors Wilscale
LEVCEP 1 - - - - - - - - - - - - - = -
20% Rusty - - - - - - - - - - - - Y 73 62
Minscale
SEPCSP 2 - - - - - - - - - - - - - - -
Ps Sand - - _ - - - - - - - - - 19 93 6
SSPC SP10 - - - - - - - - - - - - - —
Stewl Grit 59 [ ¥ 67 49 73 70 13 55 (13 L) 62 &2 70 LE] LE]
(17}
SSPCEP § - - &5 - - - - - - 84 70 - - - -
Steel Shot 60 [} e 47 78 [Y) 60 58 63 79 69 73 - - -
S0
SSPC.3M0 - - - E - - - ta - - - - - - -
Salt intact - - — - - - - - - - - - LY} B3 55
Fog Millscata
SSPC &P 1 - - - - - - - - - - - - - - -
20% Musty - - - - - - - - - - - - 72 73 58
Milscale
SSPC.SP 2 - - - - - - - - - - - - - - -
#y Sand - - - - - - - - - - — -~ 7% wr ka4
SEPCEFY0 -~ - - - - - - - - - - - - - -
Nore Fum Thickness mils {1 il = 254 um)
TABLE 4 — Frash and Sait Water Immaergion Data Summary (5700 Hours)
= -
. . : 8 H AR T ] g §
wment ;i I : § 8 % Eg TR §§
Ruting Surlace i i i 3 i - .'E 2 T 5 é H § £ 3%
[ Environment Properation 2 z H F4 E 1 4 H F ®F £& H - H 24
Sah Water Sl Gt 10 W e 0% Ww A4 0 it g !E 14 i - - -
immersion aGu
SEPCER S 10 - - - 0 - - - - - - 10 - - -
Stmat Grit 1 © 0 0 g 10 I % 10 I3 A s s Al 1"
Rusting a4
SEPC LN 5 - - w0 - - - € - - - e - - - -
ASTW Frash Intaet - - - - - - - - - - - - 10 G "
D-810 Water Miltscate
femmron SHPCEP Y - - - - - - - - - - - - - - -
0% Rusly - - - - - - - - - - - - Al W 4
MiNscain
SEPC.8P 2 - - - - - - - - - - - - - - -
Po, Sand - - - - - — - - - - — — " 1% 19
BEPC 3PY0 - - - - - — - - - - - - - -
Sah Water Saanl Gnrit 1 10 10 10 W 10 W W 14 13 s 10 — -
TS Gy
- LSSPC.O0 § 10 - - - 0 - - - - - - 0 - - -
Seeel Qrit 10 10 10 aF 10 e 0 W " W0 A4 10 1 1 Al
31
SIPCEP 5 - - 10 - - - 10 - - - 0 - - - -
Bisternng Fraan ntpet - - - - - - - - - - — — av " it
AETM Water Mitiscale
o7 Il ion SSPC.EPF 1 - - - - - - - - - - - - - - -
20% Rusty - - - - - - - - - - - - M am Y
Wiliscaln
SEPC SP 7 - - - - - - - - - - - - - - -
Py Sand - - - - - - - - - - - - n A 14
SEPC SPI0 - - - - - — - - - - - - - - -
November, 1982

1"

ucc
058261




12

TABLE 5 — Coke Works Data Summary (24 Months)
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TABLE 6 — Sait Fog
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TABLE 7 — Exparimental Design

Pigmerm

Sumtace
Frapavation

Heton CW 11

Busen 1t

Onlde/Baryten

Malzin SC-1
Mainin CA 42
Aharmiowsm
Fishe
Busan 14
Malrn CH 42
Rad kon

Sl Gt DPJ DeN

3L

Ralt Watar DPK

TR b
DPNY
DPx

EEFC.EF &
el Orit
Qs
LSPCEP § - -
Intact - - - - -
Mittscale

SEPC.EP - - - - -
2% Rusty - - - - -
MHinca

EEPC-SP 2 - — - - -
Fu. Sand - - -~ - -
SEPC-SM10 - - - - -
Siapt Griy
G4
ERFC-SP 4 -
Stanl Shot

Fraah
Wi

3200

LEPC SF 10 -
imtact - - - - -
Millacale

SERC.EP - - — - -
20% Rusty - - - ~ -
Witincaly

SEPCEP 2 - - - - -
Pa kand - - - - -
SEPC-EPI0 — - — - -
Shoal Grit
[-30]
ESPCEP §
Sesl Shot
2200
SSPC PN - - -
vtact - — - - -
Withscals

SEPCER 1 - - - - -
0% Austy - - - - -
Mivazaie

SSPCSP 2 - -
Pa Sang - - - - -
SEPC EP1D - - - - -

Cake
Works

Sait
Foy

[eloe]

3
i
J
1

Few FQC

FKN FLF

FRC For
FRK ELC
FPX PGOD
DgT -
bou

LY} FLG

F&R FLJ

Ry FLo

FRy FQE
- =L [-3]
ORO

FKP Fim

Frg

Fux

FEM FLE

TABLE 8 — Steel Structures Painting Councli Paint Spec. No. 9

ingredients

Wi% Pounds/100 Gallons Vol.%

Pigment
Titanlum Dioxide, Unextended

Vehicle (88°% maximum)
Vinyl Resin A (Hydroxyl-Containing)
Vinyt Resin B (Carboxyl-Containing)

Tricresy! Phosphate or Diocty| Phthaiate

Methyi isobutyl Ketone
Toluene

100 29

88.7
66.7
250
288.0

5.9
5.9
2.5
43.0

358
100.0

834.4

atmospheres (Table 5) have not shown any signs of rust after
two years. Howevar, there are differences in the amount of
undercutting at the scribe. Scribe resuits show essentially no
difference between the steel shot and grit abrasives used in
biast cleaning.

Sait fog exposure performance data are given in Table 6.
No signs of rusting were evident after 11,500 hours. Slight
blistering was noted only after 8000 houts. After 11,500 hours,
there was littie difference in biistering among the 12 systems.
Aluminum fiake and iron oxide were siightly better than the
rest. These small differences, however, may very well fall
within the range of experimental error.

A small sat of paneis was preparea 1o test the effect of a
thick coat (over 0.5 mils) of wash primer when used with vinyl
primers containing both rust-inhibitive and noninhibltive
pigments. Standard practice calis for a maximum of 0.5 mils
for the wash primar (SSPC-PT 3). One purpose of this test was
to detarmine If a viny| coating could be appiied successfulty

November, 1982

over hand-cleanad stesi (both intact ana partially rusted
miliacale) if a thick coat of wash primer |s appiied. it is impor-
tant to note that no controls were included to establish the
performance of a thin coat. Except for the thick wash primer,
the vinyl systems used here were identical to those used in the
main vinyl pigmentation study. Four surfaces were used: sand-
blasted, grit-Diasted, intact miliscale, and partially rusted
miliscale. Thres exposure snvironments were chosen: (1) fresh
water immersion; (2) salt fog; and (3) severe industrial. Data for
this small side study are given in the |ast three columns of
Tables 1 through 7.

The biast-cleanad panels with the thick wash primer re-
mained in excelient condition after 5700 hours of fresh water
Immersion. The hand-Cleanad panels, however, started to blis-
ter, particularly the partiaily rusted miliscale panels.

After two years of severs industrial atmospheric ex.
posure, all panels, including the hand-cieaned ones, were rust.
fres. The hand-cleaned paneis, on the other hand, showed a
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TABLE 9 — Vinyl Type White (or Gray) Paint
Formula V-786e

Ingredients Witt%

Vinyl Resin, Type 3 (Copolymaer Resin) 56
Viny! Resin, Type 4 (Carboxylated Terpolymer Resin) 11.6
Titaniym Dioxide snd (for Gray) Carbon Black 13.0
Diisodecyl Phthalate 29
Maethyi isobuty! Ketone 320
Toluene 34.7
Orthophosphoric Acid 0.2
100.0

the formulation of this paint, which was first adopted \n 1964,
Since this coating contains a carboxylated resin, the paint is
suitable for direct application over steel, while it is also self-
topcoatable; therefore, an entire system can be based on it.
One such system iz described in SSPC paint system # 4

An example of the use of paint SSPC-3 in a difficult en-
vironment is that defined by the American Water Works
Association in Spec. AWWA D102.78. in the inside painting
system No. 2, this specification indicates that the first coat on
the system directly on steel consists of SSPC Paint No. 9

Numerous other examples could be cited. One, included
in the United States Army Corps of Engineers Spec. Cw-09940.
Systen No. 3.3 a 4 coat system in which the primer consisis
of Formula D-766, which is pigmented with titanium dioxide
only. This formula is shown in Table 9, The United States Army

TABLE 10 — VP-3638 White High Bulld Vinyl Anticorrosive Paint

Pounds/100 Galions

Gallons/100 Gallons Wit%

Methy! Butyl Ketone 52.27
Celioaoive Acetate 365.86
Xylene 36.57
Toluene 57.50
VM&P Naphtha 10.46
Fiexol 10-10 39.00
UCAR Resin VMCA 217.97
Thixotropic Agent 9.18
Titanium Dioxide 114.72
Zinc Phosphate 91.78

T

7.80 525
4517 36.76
5.04 3.67
7.94 578
1.66 1.05
4.85 3.92
19.67 21.90
1.08 092
3.45 11.53
3.34 9.22
100.00 100.

large area of scribe undercutting. Thick wash primer had no
noticeable effect on scribe undercutting for blast.cieaned
steel.

There was no ditfference In acribe ratings at the industrial
site between the shot- and grit-blasted paneis. Howaever, the
sand-blasted panels had better scribe parformance than either
shot- or grit-biasted paneis. Even CR-42, which had tha most
scribe undercutting in the pigment saction of this branch
study had an excellent scribe rating when applied over a thick
wash primer on the sand-biasted paneis. However, this surface
had poorer parformance in the aalt fog tests.

After 11,500 hours of sait fog exposure, tha vinyl perfor-
mance on hand-clsaned steel, coupled with thick wash primer,
was comparable to that of biast-cleaned steel.

Experience with Altemnative Pigmentation

The use of alternative pigmentation In vinyl systems is not
new. There are numerous examples of coating syatems which
have been used for many ysars and have provided a highly
reliable level of performance.

One of these Is Spec. SSPCH, which covers a viny)
coating pigmented only with titanium dioxide. Table 8 shows

Corps of Engineers has numerous case histories where this
type of paint has been applied for over 20 years under condi-
tions of continuous immersions such as river jocks and dams.

A racent example of the use of 2zinc phosphate as an aiter-
native anticorrosive pigment Is itlustrated in Formula VP-3639,
shown in Table 10. Because of its neutral nature, zin¢ phos-
phate can be used in combination with a carboxylated vinyl
resin such as VMCA for the formulation of coatings that are
applied directly over steel. VP-3839 is one such exampie; this
particular paint with an antifouling topcoat has been totally
immersed for over 5 years at a test station in Fiorida. The
resuits of this test are excellent.

Summary

In vinyl vehicles, & variety of aiternative pigments were at
{east equivaient to the sstablished red lead formulations. This
conclusion applies to viny! systems only. Another portion of
the SSPC PACE program deait with a similar series of ex-
periments aimed at evaiuating aiternative pigments in alkyd
coatings. Here, the repiacement appears to be more difficult,
pointing to the fact that permeability of the polymaer itself is an
important factor on the allowable formulating latitude.
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