Indexed

CC:

.

O
»

WUy
. ]

14

] L

ADQHOuW nwg

®

File:

TINTY o AT.

Report No.: R-62-42

Y, Theotald, Wilm, F&') In ‘
A, Klacsmann, " ") Turn ;;ié;f
D. Lawson, " ")

B. Cochran, " ") In Turn

McBurney, " )

W. Nestor, " ")

B. Davis, " ") In Turn

F. Ralb, " )

C. Richards, Newburgh

H. Bullitt, Jr., Exp. Sta.

G. Wise, Exp. Station

I. Mulholland, Flint b
Vaala, Vilm, F&F

7 [ T .
1865 NOT TO & TAREN FROM LIBRARY

e

E., I, du Pont de Nemours & Company, Inc.

F. & F., Research Division

Marshall Laboratory

Research Report

V54-MAINTENANCE PRIMERS PROGRESS REPORT

Date Issued
Period Covered
Project No.
Previous Reports
Notebook Nos.

s on s 40

5/29/62
12/61-5/62
P~2700-E
62-12

7534

PREPARED BY: U W

APPROVED BY: éiﬂim__% |
J. H. LOWELL




TABLE OF CONTENTS

Pa

ImmUCTION“-"-"‘-‘--‘-"‘D--O-DOQ-P-'----------n--»---

OBJEC?IVES----------n---------------.---------.-------.--
SUMMARY AND CONCLUSIONS-==wremcccccnacncnasasncnnncnnseann
ACTION TAKEN OR PROPOSED----=-cnemmonmacmnnemmmmmmmmncnmn
PATENT SITUATION=-=-wercecoeas - o o o P o o -
PUBLICATION STATUS«vsmewwcmcemu~=e memmscne—.- - e o e o
ACRNOWLEDGEMENTS »s=mmemeecnnccucnerenncncasssnusennncnccnne
DISCUSSION~=-===e=n==e smsseemctmmececnccsserassnesses.an
Adhesion to Oily Mill Scale==sswwrruccvencnccscccwcns
Fast Dry and Wrinkle Resistance~c-cwcecsncvcnccacncns
Modification of V54 Primers with THF-MA and RC«384-~
Effect of Drier Concentration on the New Vehicle~---
Rheological Studiegeesvmc-mcccaccccccncccrenccnosens
Drying Characteristics of the New Primer---eccesccee-
Volatility of THF -MA=-cece-cccncncncnacncnnonncsnnnn
Package Stabilitye=-wwemecencnecccuncnccnnnacocanena
Corrosion Resistance-~eewrmcnrccccscncnccencncncncna
Hardness and Topcoat Adhesion«~«-«vevcecccccncncnnns
Thin Film Inhibitionescecccccnccncveccncccccccnnnnaa
EXPERIMENTAL DETAILS-w~e-ce== —————— o e 25 e o 0 20 20
BIBLIOGRAPHY~<=v=cerecncncnx tmemann——— ——e———— meve———

APPENDIX- ------------ S D TR N D G W T R AN G R T S G N OB W N N0 A BB AP AD N S S W e

Table I V54 Field Test Inspection Results
Table II V54 Field Results (Corrosion Resistance)

&
v

O~y Wt S W W W N N e e

Pt et e e e o
656 &G R R R BB

DUPO030009571



ABSTRACT

This report describes the work done to correct the de~
ficiencies in the V54 primers which were uncovered during the
field test program. This report also contains a list of the V54

field test installations which were inspected by Sales and Research

Personnel in April, 1952,
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V54-0P
V54-1

V54-0

V54~Lo
RC-384
THF -MA
THF -IB

™G

SYMBOLE AND ABBREVIATIONS

o-phthalate ester of 2-vinyl-l,3-dioxolane~-&-n-butanocl
Itaconate ester of 2-vinyl-l,3-dioxolane-4-n-butanol
Oleate ester of 2-vinyl-l,3-dioxolane-4-n-butanol
Linoleate ester of 2-vinyl-l,3-dioxclane-4-n~butanol
A dehydrated castor oil alkyd
Tetrahydrofurfurylmethacrylate
Tetrahydrofurfurylisobutyrate

Tetramethylguanidine
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V54 MAINTENANCE PRIMERS

INTRODUCTION:

The oldest V54 field tests are now over three and one-
half years old. Judging the results to date specifically for
corrosion resistance, and restricting ourselves to the area of
adequately controlled tests, the primers are performing satis-
factorily, We have no absolute basis on which to judge the un-
controlled tests where failures were observed.

The field inspections have uncovered some deficiencies
which must be corrected before the V54 primers can be commercialized,

The principal deficiencies were: (1) Poor topcoat adhes-
ion, particularly 'Dulux'* Hi-Build Tank White 28~5049; Phenolic
Aluminum 354-751; and some vinyls; (2) Poor adhesion of the primers
on shop-primed structural steel; this is believed to be due to the
presence of oily (hydrocarbon) contamination; (3) The primer was
judged to be too hard, based on experience with '"Dulux’ primers,
although no direct evidence of failure was found which could be
traced to hardness as such; (4) Finally the drying time character-
istics of the V54 primers were judged to be too slow for wide-
spread commercial acceptance in the maintenance paint market.

This report describes the work carried out to correct
the deficiencies without sacrificing any of our corrosion resis-
tance or good application properties.

OBJECTIVES :

The objectives of this work were to correct the deficien-
cies of the V54 primers so that the primers would have a commerci-
ally acceptable balance of properties, Specifically the following
objectives were set as product goals.

1. Reformulate the V54 primers to obtain adhesion (initial
and retained) of "Dulux" 28-5049, Phenolic Aluminum 354-751, at
levels which are at least equivalent to 67-Line controls.

2. Improve the adhesion of V54 primers to unweathered, oily,
scale-bearing metal to a level equal to 67-Line primers.

3. Improve the hardness/flexibility balance of the V54 pri-
mers so that they are comparable to 67-Line controls.

*-Registered Du Pont Trademark
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4., Improve the drying time/wrinkle balance of the V54 primers
to obtain minimum wrinkle resistant f£ilm thicknesses of 7.0 dry mils
and maximum drying times of 16 hours at 40°F. The minimum wrinkle
resistant film thickness must be applicable up to 130°F and under
all conditions of relative humidity,

SUMMARY AND CONCLUSIONS :

We have modified the V54 maintenance primer vehicle (V54-
OP/V54~1, 1:1) by replacing part of the V54-OP with a blend of de-
hydrated castor oil alkyd (RC-384) and V54 oleate to obtain improved
oily metal adhesion and improved adhesion of 'Dulux" 28-5049 topcoats
to the primer.

The new vehicle also contains a substantial amount of tet-
rahydrofurfuryl methacrylate for an improved dry/wrinkle balance and
a new combination of driers based on cobalt, zirconium and tetra-
methyl guanfdine. The new vehicle contains V54-0P/V54-1/V54-0/RC~
384/THF-MA in the following watio: (24/32/8/20/16).

The new primers are equal to the old primers in wetting
and application properties but have much superior drying rates, im-
proved adhesion to oily mill scale and improved adhesion of "Dulux'’
(28-5049) topcoats.

Initial laboratory screening indicates that we have not
hurt the corrosion resistance of the primers at operating film thick-
nesses, 4-5 mils, but below that our salt spray resistance is poorer
than that of the old formula.

We are starting small scale field tests, in Company plants,
to confirm the application properties and drying characteristics
that we obtained in the laboratory, because we do not have good
correlation between laboratory tests (e.g., sun wrinkling) and
field performance.

ACTION TAKEN OR PROPOSED:

Work is continuing to characterize the new vehicle in
terms of optimum pigmentation (corrosion-inhibitive), mechanical
properties (initial and aged), adhesion under topcoats znd over
contaminated substrates, storage characteristics and corrosion
resistance,
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PATENT STTUATION:

The paint compositions discussed in this report are covered
generally by U.S. Patent 3,010,924 (to Du Pont}. The V54~1/V54-0P
are covered by U.S. Patent 3 010 923 (to Du Pont). V54~0Oleate is
the subject of patent application FFD-1732, THF-MA is disclosed
generically in U,S. Patent 3,010,924 (to Du Pont) as: "the presemnce
of polymerizable monomers in V54 esters which are used as metal pro-
tective paints', Zirco driers are the subject of patent application
FFD-1744, Tetramethyl guanidine is the subject of patent application
FFD~1730 and cobalt butyl phthalate is covered by U.S. Patent 3,010,
945 (to Du Pont).

PUBLICATION STATUS:

The subject matter of this report is not suitable for pub-
lication at this time.

ACKNOWLEDGEMENTS :

The writer wishes to acknowledge the helpful discussions
with L, A, Henderson and J, G. McNally, R, W. LaBerge suggested
the use of RC-384 for promoting oily metal adhesion,
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DISCUSSION:

The field test results (Table I, Appendix) have shown that
the V54 primers (7067-5001 and 7067-5002), which are based on a 1:1
blend of V54-0P/V54-1, have an acceptable level of corrosion resis-
tance (Table II, Appendix) under controlled field conditions, but
they are deficient in other properties. The three properties which
have to be corrected before the V54 primers can be commercialized
are: (1) more foolproof topcoat adhesion; (2) greatly improved ad-
hesion of the primers over contaminated mill-scale, such as found
under shop-priming conditions, and (3) improved drying character-
istics under field conditions,.

The drying problem has been studied by McNally (1). He
found that a combination of cobalt, Zirco, TMG and THF-MA would,
when added to V54~0P/V54~I1 primer formulations, provide a balance
of wrinkle resistance and dry that was bettexr than anything then
available.

The writer, following the suggestion of R, W, LaBerge,
found that incorporating RC-384 into V54 primers (7067-5001) would
bring about an improvement in oily metal adhesion,

The problem was to combine the drying system of McNally
with the adhesion promoting system based on RC-384 and to determine
whether the beneficialproperties of both systems would remain intact
or be mutually harmful. Also it was necessary to determine what
effects these compositional changes would have on topcoat adhesion,
corrosion resistance, recoat time, application properties, mechanical
properties, package stability and wetting characteristics.

Adhesion to Oily Mill-Scale (N.B. 7534-72, 73)

Three field tests involving V54 shop primed steel have
shown early failure. Two of these were known to have oil contamina=-
tion on the metal at the time of painting. A fourth test which was
over oil-free, blue scale is not failing. These results, coupled
with the known incompatibility of V54-O0P/V54-I with aliphatic hydro-
carbons led us to check the performance of V54 primers and controls
over clean and contaminated (cutting oils or lubricating oils) um-
weathered, smooth, blue, mill~-scale. The scale was degreased with
xXylene and coated lightly with a "cutting” oil. The V54 primer had
no adhesion to scale which had been oiled but had equal adhesion
to 67-Line controls over oil free scale. The V54 (7067-5001) could
be stripped cleanly from the oiled axeas by using an adhesive tape-

te,si]:. s but it could not be stripped by this method over oil-free
scale.
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We found that by replacing 5-25% (volume) of the V54-OP
in the primer vehicle with V54 oleate, V54-linoleate or VS54-~-eleo-
stearate we could make the primers compatible with aliphatic hydro-
carbons. However, the use of these levels of mono esters did not
give us a level of oily metal adhesion that was equal to the con-
tro:.s‘

We also found that by replacing 5-25% volume of the V54-0P
with a dehydrated castor oil alkyd we could obtain a level of adhes-
ion equal to "Dulux' 67-Line primers over oily mill scale bearing
metal. These results over oily, scale bearing metal were confirmed
both initially and after oven aging the cured primed panels for omne
month at 150°F.

Fast Dry-Wripkle Resistance (N.B. 7534-91)

McNally established that we had to use at least 157 THF-
MA to replace V54-0P in the primers to obtain fast dry and wrinkle
resistance.

To check the effect of THF-MA on primer formulations we
prepared paints based on THF-MA and THF~IB and various combinations
of cobalt, Zirco and TMG. The THF~-IB was used to evaluate the effect
of a model compound which had similar solvent properties, boiling
point and peroxidizsbility, but which lacked the polymerizable double
bond of THF-MA, on drying time and wrinkle vesistance.

The results are tabulated as follows:
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TABLE I

THE EFFECT OF THF-MA ON DRYING TIME AND WRINKLE RESISTANCE

1 Dryin Maximum

Vehicle Components Priersd Time Wrinkle

V5&-OP/V54=1]THF -MA/THF-IB Co''/Zirco/IMG (Zapon #2) Free Film
(Hours) Thickness

(Mils)
50 50 0 0 0.075/0/0 8 - 12 10,9
50 50 0 0 0.150/0/0.50 6 5.0
50 50 0 0 0.150/0.20/0.50 7 5.0
42 42 16 0 0.100/0.20/0.50 3 7.0
42 42 16 0 0.100/0/0.50 4 7.0
42 42 16 0 0.100/0.20/0 5 7.0
42 42 16 0 0.150/0.20/0.50 3 5.0
42 42 0 16 0.100/0.20/0.50 7 7.0
42 42 0 16 0.100/0/0.50 8 7.0
42 42 0 16 0.100/0.20/0 8 7.0
42 42 0 16 0.150/0.20/0.50 7 7.0

(1) All paints at 307 PVC (Pb30y: Iron Oxide, 1:5)
(2) Drying time data taken at 77°F and 50% R.H.

(3) Percent based on vehicle solids.

These data show that a model compound which has similar
peroxidizing characteristics, solvent power and volatility to THF-
MA will improve the wrinkle resistance of the primer, but that it
will not speed up the dry rate. Also these results indicate that
there is an interaction between cobalt, Zirco and TMG which cannot
be obtained without the combination of all three.

Modification of V54 Primers with THF-MA and RC-384 (7534-98)

Primers were prepared from a 7067-5001 mill base using
THF-MA, RC-384 and cobalt, Zirco and TMG drier systems. From
these studies we established that it was possible to obtain the
oily metal adhesive characteristics of the RC-384 and the rapid
cure and wrinkle-resistance of the THF-MA modified systems in
the same formula. ‘
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The data from these studies are given below:

TABIE II1
OILY METAL ADHESION OF MODIFIED V54 FRIMERS
0ily Metall Dry®  Wrinkle
Vehicle Components , _Adhesion Time Resistanc«
V54~0P/V54~1/V54~0/RC~384 /THF -MA /V54-1.0 f ' Irs.)  (Mils)
50 50 o o 0 0 Very poor? 8 74
42 42 0 0 16 0 Very poor 3 7
42 42 o o0 0o 16 Fair 8 7
25 50 25 0 0 0 Fair 8 7
25 50 0 25 0 0 Good 8 4
25 50 0 0 0 25 Fair 8 7
25 50 5 20 0 0 Good 8 4
25 35 0 24 16 0 Good 5 7
25 35 24 0 16 0 Fair 5 7
25 35 0 0 16 24 Fair 5 7
24 32 8 20 16 ¢ Good 5 7

1. Panels contained 0.5 mil of "Rigid” cutting oil.

2. Ratings based on adhesive tape test of scored area.
3. Dry time at 77°F and 507 R,.H.

4, All paints at 30% P.V.C.

From Table II it can be seen that the blends of V54-0P/V54-1
V54-0/RC-384/THF-MA give the best balance of dry, wrinkle resistance
and olly metal adhesion.

Effect of Drier Concentrations on the New Vehicle (N.B. 7534)

The effect of several levels of cobalt on the drying time/
wrinkle balance of the new vehicle pigmented with 25 vclume per cent
iron oxide and 5 volume per cent red lead is given in Table III:
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TABLE IIIL

DRYING TIME VS, CATALYST CONCENTRATION

Drier Composit%on Drying Time?»3 Maximum Wrinkle
Pexcentages (77°F & 50% R.H.,) Free Film Thick.
Co Zirco TMG (Hours) {Mils)
0.150 0.20 0.50 - 4,5 4-5
0.125 0.20 0.50 5.0 5-6
0.100 0.20 0.50 5.0 9-10
0.081 0.20 0.50 6.0 8-9
0.063 0.20 0.50 6.5 8-9
0.044 0.20 0.50 8.0 8-9
0.150 0.30 0.50 5.0 3-4
0.150 0.10 0.50 6.0 3=4
0¢ 150 0020 0.75 5 .vo 3"4
0.150 0.20 0.25 6.0 45
0.100 0.10 0.50 5.0 5=6
0.100 0.30 0.50 6.0 6~-7
0.100 0.20 0.25 6.0 9-10
0.100 0020 0175 4‘.5 5-6

1. Percentage based on vehicle solids,
2. Paints are at thirty percent pigment volume.
3.

Vehicle composition = V54-0P/V54-1/V54-0/RC-384/THF-MA,
24/32/8/20/16.

From these data the level of 0.1% Cobalt, 0.2% Zirco and 0.5% TMG
were selected as being best for drying time and wrinkle resistance,

Rheological Studies (N.B. 7534-120, 121, 129)

Because of the gross change in the polarity of the new
vehicle the old flocculating agent (VM-5617, a polyethylene dis-
persion) was no longer useful. We did not have an adequate sag/
flow balance. -

We found that by using soya lecithin in the new vehicle
we could control our flocculation index from 1.07 to above 37, The

effect of soya lecithin on flocculation index, gloss and sag-resis
tance is given below in Table IV, ‘
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TABLE IV

EFFECT OF FLOCCULATION ON SAG RESISTANCE

Sag Test
Percent Soya Gloss Flocculation (Shell Sag Blade;

Primer _Lecithin (20°) Index (Wet Mils)
1 0 60 1.06 Sag &
2 0.23 65 1.15 Sag 4
3 0.46 55 1.23 Sag 4
4 0.69 5-7 (Flat) 10.81 Sag 5
5 0.92 5~7 (Flat) 29.4 Sag 5
6 1.15 5-7 (Flat) 32.9 Sag 5
7 1.38 5-7 (Flat) 37.1 Sag 5
8 1.51 5-7 (Flat) 37.4 Sag 5
9 1.75 57 (Flat; 37.5 Sag 5
10 1.97 57 (Flat 37.0 Sag 5
11 2,30 5-7 (Flat) 32.7 Sag 5

From the data in Table IV it is seen that the control of
sag/£low balance is not simply a matter of the degree of floccula-
tion,

L. A, Henderson observed that aluminum stearate (G-217)
was effective in promoting a good balance of sag/flow characteris-
tics in the toupcoat forimilations. We repeated his work in the pri-
mer formulations with the same success as he had in the topcoat
program. We found that two percent aluminum stearate gave good
sag resistance up to ten dry mils and gave sufficient ''drag" to
insure thick film application with no sacrifice in penetration
characteristics. 7The data for some of the other rheological con-
trol ageuts that ware tried are given in Table V.

TABIE V
RIECLOGICAL CONTROL AGENTS USED IN V54 PRIMERS

Brushix
Component _— Sag Resistance Penetration Ease
VM-5617 {polvethylene dispersion) 5 10 Good
(G-12) Soya Lecithin 5 10 Geod
‘W~98 (Talc) 10 0 Poor
W-1003 (Bentone) 10 0 Poor
{G-217) Aluminum Stearate 10 10 Good
VM-5617 in 7067-5001 (Control) 10 10 CGood

Sag and Penetration ratings are based on control being rated 10,
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Drying Characteristics of the New Primer (N.B. 7534-104,106)

Tabulated in Table VI are the drying times and minimum
wrinkle free film thicknesses of the new pr:l.mer vehicle as a func-
tion of temperature and humidity.

TABIE VI

DRYING TIME VS, REIATIVE HUMIDITY

Maximum Wrinkle Free Dry Time
Temperature Humidity  Film Thickness (Zapon #2)
120°F ' 50% 7.0 Mils 1c0 hrSQ
100°F 90% 12.0 4.0 hrs.
95°F 50% 9.0 " 2,75 '
77°F 50% 9.0 " 5.0 "
77°F 20% 9.0 " 2.5 "
50°F 50% 12,0 " 16 "
4O°F 50% 12,0 " 31 "
40°F 25% 12,0 " 20 "

Volatility of THF-MA (N.B. 7534-146,150)

Because of the volatility of THF-MA we felt that it was
necessary to check weight losses which occurred on clear films dur-
ing curing under various conditions of temperature and humidity,

In this study we used tetrahydrofurfuryl isobutyrate as a model
compound which would not be expected to cure into the film and
which should provide us with a built-in indicator as to the amount

of tetrahydrofurfuryl methacrylate that was being retained in the
film. The data are tabulated in Table VI,
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TABLEYVII

LOSS OF WEIGHT STUDIES

Curing
Condi-
tions
Film (Air
Thickness Dried
Vehicle Components » Mils 1 Week)  Solids

VS4-OP/V54-I/V54-O/RC~384/THF-MAIIXylenez 10.0 77°F+507R . H. (

4.0 77°F+50%R.H.(84'8A

10.0 40°F+257R H. (g5 55
4.0 4O°F+257R . H. (~°
10.0  150°C X 1 Hr, (3, g
4,0 150°C x 1 Hr.( °°7
V54~0P/V54-1/V54-0/RC-384/THF ~-IB/Xylene 10.0 77°F+507R H. ( 9
4.0  77°F+507%R. M. (/7-5%
10.0 409F+25%&.H.(70 1
4,0 LO°F+25%R JH, (/Y "~
10.0 150°C X 1 Hr.(69 29,
4.0 150°C X 1 he, (0°°°"°

(1) Theoretical solids 1f all xylene is lost 81,67

(2) Theoretical solids if all xylene and THF-MA or xylene
and THF-IB are lost = 68.2%.

From the data in Table VII it can be seen that the rapid
curing rates obtained with THF-MA are not obtained due to volatility;
because if this were the case the primers containing THF-IB would
cure just as rapidly. Also the films containing THF-IB lose the
theoretical amount of weight due to combined solvent and THF-IB
volatility when cured at 150°C for 1 hour (solids found: 69.2%;
theory 68.2%). However, under the identical conditions the films
containing THF-MA lose only 507 of the THF-MA that is in the £ilm
initially (solids found: 74.9; theory 81.6).

These data suggest that under the severe curing conditions

of temperature, 150°C, 50 percent of the THF-MA remains in the film
but all of the saturated analog is distilled out.
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The second abuse condition is that of long open times at
40°F and 25% R.H. The long drying time under these conditions will
provide ample opportunity for the THF derivatives to evaporate if
that is characteristic of them. Again from Table VI we can see
that under these conditions the THF-IB is in fact being lost but
the THF-MA is not,

It must be pointed out that these weight loss studies do
not positively identify the volatile component. It is possible that
we are co-distilling a mixture of THF-MA/xylene out of the f£film and
that the amount of THF-MA that is indicated to be left in the film
by these studies is illusory, except in the case at 150°C, However,
based on the relative boiling points and volatilities of xylene and
THF-MA the assumptions made regarding the composition of the residual
material appears to be not unrealistic. We will confirm the composi-
tion of the volatiles by gas chromatography in further studies.

Package Stability (7534-161)

We now have two months shelf and oven stability (120°F) on
the new primers with no change in drying characteristics or viscosity
increase. We are stabilizing the system with 100 ppm of hydroquinone,
based on THF~MA, and we obtain anti~-skinning properties from 0,057
methyl ethyl ketoxine (Exkin #2).

The new primers skin badly in partially f£illed containers
but not in filled cans. The skinning tendencies of the new primer
are more like semi-alkyd (67-739) and short oil phenolics (373-759)
than they are like straight linseed oil primers.

Corrosion Resistance (7534 - 139,140,141)

Although there is no reliable test, short of field expo-
sure, which will predict the corrosion resistance of coatings, we
felt that by comparing the performance of the new formulations
against 7067-5001 and 'Dulux"# primers in salt spray, humidity
cabinet and fresh water immersion we might be able to make rational
judgements about the effects of compositional changes on corrosion
resistance.

We studied the salt spray resistance, humidity cabinet and
fresh water immersion resistance of the new vehicle as a function of
substrate, inhibitive pigment concentration, film thickness and
vehicle components,
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The salt spray results over oily mill-scale indicate that
the new vehicle has better wet adhesion to scale after 1000 hours
than the old formula (7067-5001). The new formula appears to be
equal to 67-739, and superior to 67~746 over these substrates.

Primers formulated from the new vehicle appear to have
about 1 mil less corrosion resistance than the old V54 formulation
at equivalent pigmentation and after 1000 hours exposure to 5% salt
spray. This deficiency disappears at 5 mils film thickness. At 5
mils £ilm thickness both the new formula and old formulations show
superior wet adhesion to substrates using 'Dulux" 67-739 and 67-746
as controls,

The '"Dulux’ 67-746 £ilms are very poor in salt spray, bumi-
dity cabinet and immersion tests. They have practically no wet ad-
hesion but the corrosion resistance is very high. This is probably
due to the soluble chromates which are bleached out of the film. The
greenish-yellow color of the chromate solutions are clearly visible
after the films are removed. _

The effect of various levels of red-lead in the new vehicle
was evaluated by salt spray testing. The ccrrosion resistance of the
films (2-3 mils) was optimm for ten volume percent red lead (W-349)
and 20 volume percent iron oxide (W-870). The worse system was thirty
volume percent iron oxide (W-870). Because of these results we will
field test the primer at the ten percent level of red lead. However,
we are also checking these levels by panel exposure (Series #18972).

The immersion resistance (1000 hrs.) and humidity cabinet
resistance (blistering) of the new vehicle is directly proportional
to film thickness. This is in confrast to the old formula (7067-
5001), whose blister resistance is inversely proportional to film
thickness. The new formula appears to be equivalent to 67-739 and
superior to 67-746 over these substrates.

We bhave two large panel exposure tests out in Belle, W, Va,
and Niagara Falls plants to check the corrosion resistance of the
new formula as a function of film thickness, inhibitive pigment level,
substrate (sand-blasted and rusted) and topcoated and untopcoated.
We have Florida exposures out to cover all the initially important
compositional variables over sandblasted steel.
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Hardness and Topcoat Adhesion (7534-141)

We have one month Florida exposure panels and 1000 hours
accelerated weathering panels on the new formula for comparative
hardness measurements, We observed that the new formula was initi-
ally softer than the old vehicle; howevexr the AWC-2 vesults showed
that after 330 hours the new formula became just as hard as the old
formula. The one month Florida panels do not confirm this and what
we may be observing so far is just a rate phenomena. It is interest-
ing to note how hard 'Dulux" 67-739 gets and particularly how slowly
67-746 gets hard, Standard primers containing red lead pigmentation
get much harder than those which contain zinc chromate as the inhibi-
tive pigmentation., The Tukon Hardness data are given in Table VIII,

TABLE VIIY
B Tukon
Pri Vehicle Pigment Exposure Conditions _ Hardness
: : = = : ~Fooor Uoics
7067-5001 Vi4~0§/V54-I Pb304:Fey0s Initial(l wk.air 5.0 (5.0 mil
1:1 dry)
1 month 45°S Fla. 14,0 " "
AWG-2 330 hrs. 8.0 " "
7067-5010 V54-0P/V54-1/ " Initial 3.0 (5.0 mil
V54~0/RC-384/ 1 month 45°S Fla. 8.0 " "
THF -MA 330 hrs. AWC-2 18.0 " "
67~739 LO Alkyd/. = PbgO4:Talc Inmitial 1.0 (2.0 mil
Linseed 0il 1 month 45°S Fla. 14,0 " "
(:2) 330 hrs, AWC-2 6.1 " "
67-746 1O Alkyd/ FeyOq: Initial 1.0 (2.5 mi
Linseed 0il ZnCr0,:Talc 1 month 45°S Fla. 2.4 " "
(1:1) ’ 330 hrS. AWG-Z 4.5 " "

Ve expected that the use of V54-oleate and RC-384 in the .
new vehicle would make the "Dulux" topcoats 28-5049 adhere better
to the new primex because the softness of the new primer would en-
able the topcoat solvents to bight in better., This was confirmed
initially and after 2 months Florida exposure in Series #190021.
Other series which are in exposure covering the new vehicle are:
#19023, 18972, 19028, 19036, 19027 and 19089. These studies will
be reported on as results develop,

DUPO030009587




- 15 =

Thin Film Inhibition (7534 - 181)

The new vehicle appears to be more susceptible to thin
£ilm inhibition than the o0ld formula (7067-5001). Under labora-
tory conditions under which a 5.0 mil film of the primer formulated
from the new vehicle dries in four hours, a film of the same material
less than 0.4 mils thick toock  16~18 hours to cure., This problem
has not manifested itself on primed edges (thin films) in laboratory
studies, We first observed it when we obtained thin films during
sag tests. We will look for this deficiency in our field test pro-
gram. ‘

EXPERIMENTAL DETAILS:

The experimental details of paint preparations, panel pre-
paration and drying time measurements are standard procedures outlined
in other reports or standard Marshall Laboratory Test Methods.

Drying times are reproducible to one half hour with the
Zapon Method.

The data tabulated throughout this report have been gathered-
from studies made with at least two different batches of plant mater-
ials., Other materials used in this work were standard raw materials
wherever possible.

Weight loss Studies (N.B. 7534, 146, 150)

The weight loss studies which were carried out in this
work were accomplished as follows:

Pieces of aluminum foil 4" x 6" x 0.002" were pre-cut and
weighed to the nearest milligram on an automatic balance in the con-
stant temperature room. Immediately after weighing drawdowns of the
catalyzed clear vehicle were made using a one inch wide Bird Applica-~
tor of 20 and 5.6 mil clearance. The strips were carefully and imme-
diately re-weighed on the automatic balance. The strip was then
placed on a flat surface and allowed to dry in the desired atmos~
phere. The weight of the aluminum strips ranged from 1.1910 grams
to 1.4350 grams. The weight of clear applied to these strips ranged
from 1.2820 grams to 1.0490 grams. The amount of xylene in the film
was 18.35 percent and combined weight of the xylene and Tetrahydro~
furfuryl methacrylate amounted to 31.8 percent of the total film.
Therefore, the weight losses we are measuring are 10-207% of the total
initial weights which makes our weighing measurements on an analyti-
cal balance fairly accurate.

DUPO030009588




- 16 -

Preparation of Tetrahydrofurfurylisobutyrate(N.B. 7534-88,89,90)

Tetrahydrofurfurylisobutyrate was prepared by direct esteri~
£ication of tetrahydrofurfuryl alcohol (DS-48258) with isobutyric
acid (Matheson Culeman & Bell #12890) using 0.3 percent p~toluene
sulfuric acid as catalyst and toluene as an azeotroping agent for
the by-product water. The water was removed from the reaction
mixture as soon as it formed. The I.R. Cure of the product can
be found in N.B, 7534-90., The yield of distilled product (B.P.
80-85°C at 1-1.5 MM of Hg) was 94 percent based on isobutyric acid
charged.ZSSapanification number: found 324.8, 326.6; calculated
325:2’ ND 104350.
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) Figure I (Continued)

. . RATIRG
_Ve5h SYSTEM CONTROL SYSTEM SURF.  AGE Y8,  CUST,
PRIVER "TOFCOAT PRIMER TOPGOAT FREP.. (Mos) SPECIFIC CONTROL REACTION COMMERTS CUSTOMER
v-54 R.L. (1 ct.} "Dulux” Creen Dow #5 Oxide (1 ot.) "Dalux" Green HC 19 Good  Equal N No failure. Dow Chemical Co.
{28-9%1) {28-gk1} Midland, Mich.

: Va5% R.L. * "Dulwx" Green None HNone BB 19 Good . NG Faliurs "

Hone Hone Dow 45 28.9h1 SB 19 Good No Failure "

] (White)
Vo354 RoLe Competitive None Fone HC 19 Good : " No feilure. Gloss and "
Vinyl Toluens Green - appearance of competitive
Vinyl Toluene Green much
. poorer then that of 28941,
. Hone fione Dow #10 Yellow 2.0, Campetitive $B 19 Good No failure. Topeoat dull. "
: {PastDiy) . . Vi) Tolueme Greem (Wnite)

. VaSh Rl v-5h Gray Fone o sB 9 et F Appesvance, corrosion pro-  Shavinigan Reslus O
RN - . . tection and adhesion OK. - Trenton, Mich.
. Very little chalking as yet,

Rone Y-54 Gray " " sB 9 Good F Same .
i Va3 Bl "Dulux” Bleck " . sB 9 Good F Intarcoat adbesion goods "
co (25 Line)
V5% Roln “pulx” Yellow T6T-T138 "Dulwe” Yellow SB 9 Fajr Horse u Very poor interccat adhesion. "
. . (88 L1ze) (83 Tine)
D V54 R.%. v-s{s Chalking White  67=739 (1 ct.) "Dulux" Bigh Build sB 6 Poor Worse v Rad dirt collection and "
i . . Tank White stresking vs. controls. Alsc )
! . . tad bug piokup.

Bose V-54 Cray ‘None Hone HC 9 Good N ,Adhesion to aged gray alkyd "
: Ko .

V-5 R.Le VoS4 Chalk Resistant None Hone sB 9 Poor 3} Poor initial app and xd 011 - Ohlo
: ) - White : appearance retention. Poledon, Chio

poor
X *. Low £ilm thickness applica=
! Soll Retardant tion (2 mils) resulted in
. shadowy appearance. V-S4
Vhite is badly irt dtresked.
Adhesion to metal good, lnter-
'. ) X coat adhesion s faix.
. PG {Spot Primed) 7025-5007 (Spot and  Bome None uC 8 Foor i} Appearance rotention poor
: full coat) . . dirt staining and streaking,
. rust staining.

+
. Soil Retaxrdant .
Hone V-5h Alume (1 ct.)  Hone il RC 6 Good  Better r Adhesion to cld paint OK,
. . Silver~Brite Alum. V-54 Alum. better in appenr-
v . {1 ct.) ance {not ag stained or
| S : . dixty), _
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Fipure I (Continued)

. RATING
_ Va5h gysTEM CONTROL _SYSTEM SURF.  AGE Va.  CUST.*
PRIMER TOPCOAT PRIMER TOPCOAT PREP, fll.onz SPECIFIC CONTROL REACTION COMMENTS CUSTOMER
V-34 R.L. Prufcoat Primastic BC 11 Good L4 No corrosion feilure Ormet Corp.
Burnside, La.
Va5h R.L. "Corlar” Epoxy Msstic HC 1 Poor U Adhesion fai{lure of epoxy to
Gray VeSk. No failure ol V~5% "
Primer.
. Va5% R.L. Du Pont Chlorinated ‘HC 11 Poor U Adhesion failure of chlorinated
Rubber Black rubber black to V-5k. No .
333=¥=20363 failure of V-S54 Primer.
T Ve5h 2.0, None Rowe' Epoxy Mastic (3 6 Poor Worae Untopcoated V=54 attacked by  Kalser Alumimm &
Gray caustic, {Area vas to be top- Chemical Corp.
) PRS Chenmtite Mastic conted with epoxy but not done) Gramercy, a.
NOTE: Bquivalent exposure cone .
ditions at Ofmet & Kaiser show
. different results,
i V=5 B,L, PPG's Marinehide None Hone B 19 Poor U Complete failure--rust through Sun OfleMarine Dept
i Hulltek Red Vimyl Poor adhesicn of vinyl to V5% Cheater, Pa.
| VYa5% Relo + " Rone None sB 19 Poor i Compiete failures-gen'l rust  “Sebine Sua”
i V=5k/Viny) through. Seme conditiocns as
! Intermediate Ct. sbove, "
{ - . - Poor surface preparvation, Fair
: Ve5h R,L, " Nene FPG's Red Vinyl HC 19 Foor Equal v arount of corrosion failure,
Both V=54 & control sreas fu "
H ‘better condition than SB ares.
| Poor adnesion of vinyl to V-54. ’
, V=55 R,L, Fone 67800 None i 20 Poor Worse i - V-5% shows zmore corrosion Bethlehem Steel Co.
: fallure than controls. Bethlehem, Pa.
! 6T~ T46 None NOTE: V-5 equal or better
¢ Than 67800 up to 10 mos.
1 exposure, then worse.
i Ye5% RB.L, Black Mastic 67-600 Blsck Mastic RC 10 Poor Worse ] V.54 ghowing loss of adhesion Bethlahem Steel Co,
i - and corrosion failure. Bethlehen, Fa.
| 55 B.L. Hone 67600 i 6 Good  Equal X ALY systens equal. Suall Betnlehen Steel Co,
PFG'a Fracticnated amount of scale poppiag. Bethlehem, Pa.
| feotl oi1
Lo o .
5 Y5k R, L. Ye5k Gray«3reen R.L.J01L (L et,) “Pulux” Gray-Green 3 1 Good  Egual ¥ No failure--s)l systems equal Shawinigan Resins
i Yok} (2 et} {1 ct.) . V-5 gray-gresn lover in gloss Indien Orchard, Ma
i ; than "Dulux”. Very little
¢ Nope Va8h Gray-Green chalking of V-Sk4. Appeavance
3 (L et.) retenticn satisfactory.
‘V-54 Gray-Greea
(2 cts,)
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EIGURE I1
CORROSION RESISTANCE

CONTROLLED V54 FIFLD TESTS

- Age Top-
Test Location (Mo.) coats | Control - -Coats & Film Thickness . V54 Coats & Film Thickness Comments
Atlantic Refinery, V54 superior to control
* Phila,, Pa. 42 No Duiux 67-800 1 .1.,5 = 2.5 mils 7067-5001 1 5-6 at 30 months,
Atlantic Refinery, . At 36 months both
Phila., Pa, 42 No  Rustoleunm 1 . 1.5 - 2,5 mils " " 1 5-6 systens showing rust,
Phillips' Sweeney, Rustoleum failing at
Texas S ) Yes Dulux 67-746 2 3.0 ~ 4,0 mi1s * " 1 45 18-20 months, :
. . Both systems perfect,
Texseo,Fagle Point, . _ Dulux 67-T46 ]
- Ned, . 32 Yes 1linseed oil- .
: . penetrant 2 2.5 - 3.5 mils u " ! 4-6 Both systems perfect,
Sun 011, Marcus Hook,Pa, 22 Yes Dulux 67-T46 1 1.5 = 2,5 mils " " 1 4~5 90-95% contrel show= .
. . ing rust through, 20-
- 25% V54 showing rust.
Gulf, Port »ﬁuga.u.ax. 20 m‘ww Dulux 67-733 1 2,0 - 3.0 mils " “ 1 56 . . V54 67-733
4] 20 Yes  Redlead;olildlgd 1 2,0 - 3,0 mils " " 1 5~6 7 V5h equals control,
B ) Control failed - dmw
22 No 67-T46 1 1.5~-25mls 7 u 1 4-6 intact.
15  Yes. Catalyzed epoxy 2 3.0 = 4,0 mils " # 1 4-6 V54=2 coat contyol,
ms Hm.awm ‘Works, :
m&»ww: wm. 22 Yes Phenolic/Zinc: 1 2.0 - 3.0 mils u # 1 4-6 V5i=¢ontrol -
Dust
8 Yes DPrufecote -~ P,50 1 1.5 ~ 2.0 mils * " 1 U4-6 ,ﬁf«o:«gw
12 Yes Red Lead/oil 1 1.5 = 2.0 mils " " 1 4-6
6 No TPPG Red umma\nm. 1 8.0 - 2.5 mils " " 1 4-6
11 No  None - - " " 1 46
L
17 Yes Arco #39 Primer 1 2,0 - 2.5 mils " " 1 4-6
m . Yes 67-738 2 3.5 = 4,0 mils " " 1 L-6
8 of . xa .wmut»awuzo. 2 Yes Red H»ma..»wqu\ 3 3.5 = 4,0 mils " " 2 4-6
. ) o :
4 Yes  373~759(phenolic)l 1.5 - 2,0 mils " " 1 4-6
6 Yes Prufcote~P-50 1 1.5 - 2,0 mils ¢ ¥ 1 h.p
8- Yes 67-739 1 2,0 -~ 3,0 mils n " 1 4-6
11 Yes  67-800(Type) 1 3.5 =~ 4.0 mils " " 1 4-6
Vinyl 1 2,0 - 3,0 mils " i 1 4-6
11 Yes  Humble 2 3-5 wils " u 1 35 mils qucou.,ﬁ.mw
Rust~-Ban . T

(67-800 Type)




