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I. SUMMARY 

An experimental investigation was made of the use of Pliolite 8-5 as 
the primary vehicle-constituent in exterior house paints for application 
over wood. Evaluations were made by exterior 45 e -south exposure of modified 
Pliolitebase paints applied over southern yellow pine. In the variations . 
studied, the Pliolite S-5 vehicle was mixed with such modifying agents as 
Pliolite S-7, plasticizers and plasticizer blends, reactive and nonreactive ' 
pigments, antioxidants and antacids. Also studied were the effects of PVC 
variation on exposure endurance, the use of various modifying agents in clear 
Pliolite vehicles and the modification of Pliolite 8-5 with maleic anhydride. 

In general, the Pliolite paints exhibited good color retention and col-
lected less dirt than the oil paint controls. They also exhibited good lev-
eling characteristics but, because of the solvents involved, were trouble-
some from the'standpoint of brush pull, particularly in applying a second 
coat. Also, undue sagging occurred with coating thicknesses greater than 
one mil. None of the experimental Pliolite systems evaluated' approached the 
quality of a good oil paint. Failures generally were due to peeling and 
flaking, indicating a need for increased extensibility and better adhesion. 
The major portion of this investigation was aimed to improve these properties. 

PVC has considerable effect upon Pliolite paint durability. For the 
formulation studied, best performance. was. obtained at approximately 30 per 
cent PVC with 40 per cent plasticizer in the nonvolatile vehicle. 

Vehicles containing Santicizer B-16 (butyl phthalyl butyl glycolate) 
performed slightly better than those containing the other plasticizers • 
which were investigated. Plasticizers generally tended to improve flaking 
but not enough to make Pliolite paint comparable to oil paints. Meet-4a-
prevotiaapiet4waseb.taLued-byettsiwtfittatte-ry4-4‘a.a.uonArolatileplaa44e4zer. 

Of the pigmentations studied, basic carbonate white lead. was slightly 
preferable to zinc oxide for increasing endurance when substituted on an 
equal basis; addition of 10 per cent water-ground mica was ineffectual. 

Among the materials investigated as antioxidants and antacids, none 
effectively increased the exposure life of the Pliolite paint film; Wing. • 
stay S was observed to act as a grinding aid for the Pliolite vehicle. 

The inclusion of a small amount of tung oil in the Pliolite vehicle 
contributed to better adhesion over the spring growth of the southern yel-
low pine but not over the summer growth. Consequently, its use did not 
improve the general performance of the paint. 

A single attempt to increase the adhesion of Pliolite 8-5 vehicle to 
wood by modifying the 8-5 with maleic anhydride was unsuccessful because 
the modified resin jelled when it was pigmented.. This approach, however, 

. appears to have some merit and perhaps should be investigated further. 

A general correlation between exposure performance of Pliolite paints 
in a weatherometer and exposure on a 45 °  outdoor fence could not be made. • 
There is evidence of good correlation with regard to chalking only. 
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II. INTRODUCTION 

The ready acceptance that Plielite S4.5 hes achieVed in the paint in. 

dustry for applications as floor enamels, nachineryenaeels 9  cement and 

stu(7co paints, asphalt shingle paints, road marking paints, etc., provided 

an excellent incentive to fUrther broaden the base of.applleationA in the 

paint industry into the field of exterior louse paints for application to 

wood. Reaearch on thto subject was initiated at the Geor4ia Tech Engineer. 

ing axperiment Station by the Chemieal Product* Development DiAstan of the 

Goodyezr Tire anti Rixbter Company. 

The original plan of investigation on this program was outlined in 

a letter of November 29  19509  from Dr. Fred W. Cox to Mr. h. J. terra:tee 

of Uoodyear. In a second letter, dated June 8, 1951, the program was 

=dined, based on lindings to that date. Wbjeet to necessary restrictions 

in the °cope of the work and to .modifications necessitated by current 

findIne9  the experimental work ea outlined in the TAU!! OF VONTSUTS of 

this report is in compliance with the submitted end approved plan of in. 

vestigation. 

The sug,iestions and guidance of Messrs. W. A. Abernethy and Joe Moil 

of Goodyear are gratefully acknowledged. 

•.2.• 
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'EXPERIRiNTAL WORE 

It 3olvtncy 

Meaeurement of the lauri•Lutanol velum, of the solvents that were 

considered for use in thee. studies was undertaken to insure that adequate 

selveyno was maintained in all formulations. Leterminations were made with 

Standardised Kauri-Dutanol Solution obtained from American Gum Ipporters 

Laboratories. inc. • 

Kauri•Butanpl Values. 

Benson* 	 123 

Toluene 	 114 

Xylene 	 103 

Shell TS284 	 • 74 

Turpentine 	 r 	71 

- Mineral Spirits 	 38 

This information was used in the design Of all solvent mixtures 

so that a minimum Aauri-Butanol value of 60 would be obtained. 

2. Preparation of Pliolite Solutions • 

Solutions of Pliolite S.5 wore propared by milling tle resin with 

solvent in a pebble mill. ening only a few pebtles to mast in :sixths 

The maximum practical working concentration wan found to be 50 per cent 

Pliolite S.5 in xylem. This solution had a viscosity of t5, Pllolite 

5.7.301 en received, had a viscosity of 24.25. 

Filn Properties  

To evaluate film hardness of Plisltte materials co pared to that 

of conventional oil pdints and to obtain an indication of drying time and 
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solvent retention properties, a study of, hardness as measured by the Sward 

Rocker was undertaken. Films of clear Pliolite 8-5 and 6-7 in several 

embinationo were prepared. Two pigmented 'Waite paints designated. N-491 

(white enamel) and 3408.100 (cement and stucco) vote else included. Finally, 

an oil paint, 1700 E (temporary housing specification), was used for com. 

!prison. Films of these materials were cast on clean plate glass with a 

Maker Film Applicator set at 5 mils. Wet-fibs thickness was checked with 

an interchcmical Cage. The hardness of the cast films was checked at 1, 4 

and, 7 day& dryimg in the laboratory, The clarity of the unpigmented films 

vas also noted. 

The results of the studies are shown in Table X below. The first five 

samples are the unpigmented Pliolite compositions prepared from xylene 

Lions of Pliolite 2-5 and 8.7 at 23 per cent solids. Therm were blended to. 

gether to produce the series of compositions which are designated in the 

following table in terms of per cent Pliolite 8.5 content. 

TABLE I 

F1/24 RARIZE33 
Measured by Sward Rocker) 

Type 

ret.Film Thickness (mils) 
ling Time (days)s 

4 

7 

ribs. Clarity 

101 8-5 7% 8-5 Pfi 8.  251 s15 0 8-5 8-1G41-100 1700E 

3.1 	3.0 	3.1 	2.8 	3.4 

32 	30 	26 . 	 24 	18 

32 	26 	22 	22 	3.8 

30 	24 	24 	2B 	16 

Elli• 	BR 	C 	C 

3.4 

10 	' 

12 

26 

0** 

4.0 

10 

32 

18 

0 

3.0 

0 

2 

2 

' 0 

c • clear 
es 

SR •. slight haze 
1114 

L 0 • opaque • 



Since dry-film thicknees was not controlled, the results justify 

only qualitative evaluation. The following points are believed to be 

significant, 

1. Pliolite coopositions, even when modified and pigmented, dry much 

harder and more rapidly than an oil-paint composition as tested up to seven 

days drying in the laboratory. 

2. Pliolite S-5, =modified, produces a hard and comparatively brittle 

film, while Pliolite 8-7 produces a pliable but tougher film. Blends of the 

tee, eaterials have intermediate hardness properties. 

3. The alight haziness of blend° of 50 per cent and 75 per cent Pliolite 

S-5 and 8-7 indicates some incompatibility in this range. 

B. Exposure studies.-Blands of S-5 and S-7  

122121SLInv2--Pormulations  

This work vas initially planned to evaluate the effects of P.Y.C. 

and of a vehicle variation in a series of 3.6 Pliolite paints. The formula. 

tisane of these 16 paints, together with seven others added later, are shown 

in Table II, COMPOSITION AND PB0P1 tTIJS3 OP Mai= PTEMIATIONS, on page 6. 

The first 16 paints were formulated with 1102.-magnesium silicate pigments. 

tion at 30, ho, 50 and 60 P.Y.C. in vehicles composed solely of blends of 

Pliolite 8-3  and 8.7 solutions in combinations conteleing .15.8. 35. 70, and 

100 per cent Pliolite 8*-7 in the nonvolatile vehicle. It was believed that 

from this aeries of points optimum ranges of P.V.C. and Pliolite-blend ratios 

right be discovered. 

Later, after conferring with Mr. Joe O'Neil of Ooodyeer, it was decided 

to include several additional formulations in this study. Numbers 17 and 

le are clear unplemented Pliolite solutions which were proposed for use as 

sealers under both one and two coats of Pliolite and oil-base paints. 

-5- 



COl805ITI08 tEl P8OE8ITLIC3 CM PLIOLTS romassimas 

Formulation Number' 

Pigment (Total Weight Per Cent) 27.0 34.4 41.4 47.6 23.7 31.0 37.8 45.5 20.0 27.5 33.8 40.4 18.5 	24.5 30.0 37.6 Moor 303 
Clear Solution, 

'Manor 140 38.4 38.4 38.4 38.4 38.4 38.4 38.4 38.4 38.4 38.4 38.4 38.4 38.4•38.4 38.4 38.4 solution. 38.4 

Magma/ ma Silicate 61.6 61.6 61.6 61.6 61.6 614 61.6 614 614 61.6' 61.6 61.6 61.6 	61.6 61.6 61.6 61.6 

Vehicle (Total Weight Per Cwt) 73.0 65.6 584 52.4 76.3 69.0 62.2 54.5 80.0 72.5  66.2 59.6 81.5 	75.5 70.0 62.4 100.0 100.0 69.7 100.0 100.0 101.0 100.0 

Pliolite 3-5,  50 Per Cent 47.4 43.2 38.8 33.3 30.8 28.9 25.8 23.6 11.5 11.1 10.0 8.9 -- 	-- -- -- 25.0 -- 12.7 50.0 37.5 12.5 -- 
Tylone 

Pliolite 3-140 14.7 13.4 12.1 10.4 27.1 25.0 22.6 20.8 43.5 42.2 37.8 33.7 56.4 	51.7 45.3 42.8 41.6 100.0 48.3 -- 20.8 62.4 83.4 

73-28-it (3011unt) -- -- - -- -- -- -- -- -.: -- -- - -- 	-- -- -- -- 29.3 -- -- -- - 

Wane 9.5 13.4 18.1 23.3 7.9 11.5 12.5 17.2 6.4 9.7 13.0 17.4 2.9 	2.5 12.0 17.0 33.4 -- -- 50.0 41.7 25.1 16.6 

Mineral Spirits 28.4 30.0 31.0 33.0 34.2 34.6 39.1 38.4 38.6 37.0 39.2 40.0 40.7 	45.8 42.7 40.2 -- -- 9.7 - -- -- - 

Per Cent 3-7 in MocomIntila 15.8 154 15.8 154 35.0 35.0 35.0 35.0 70.0 70.0 70.0 70.0 100.0 	100.0 100.0 100.0 50.0 100.0 70.0 -- 25.0 75.0 100.0 
Vehialm 

P.V.C. 30.0 40.0 50.0 60.0 30.0 40.0 50.0 60.0 30.0 40.0 50.0 60.0 30.0 	40.0 50.0 60.0 40.0 emo• ■•• 

Pounds per gallop 8.9 9.6 10.3 11.0 8.8 9.2 9.8 10.6 8.4 9.0 9.5 10.2 8.2 	8.6 9.2 9.9 9.1 ■•■ 4.■ 

Cmylitera7 (I. 0.). 88.0 87.0 88.0 85.0 89.0 88.0 80.0 81.0 85.0 89.0 85.0 88.0 86.0 	86.0 84.0 88.0 89.0 ANN. .•■■• ,■•• 

°vial (1.8.8.) 3.0 2.5 2.5 2.5 3.0 3.5 3.5 2.5 3.0 2.5 3.0 2.0 2.5 	3.0 2.5 2.0 3.0 ■•■ 

Total solid. (bight Per Cent) 47.4 53.1 53.6 59.3 444 48.2 51.4 55.5 36.8 43.2 49.4 52.2 31.8 	36.9 41.2 46.4 44.2 

Fin
a
l
 Report

, Project No
, 167-111  
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Nuaber 19 is a pigmented formulation in which the active solvent is Shell 

TS2CR in place of xylene* It van thought that the slower evaporating 

aromatic solvent would retain solvency better during the drying period 

and thus prod:Lai* a better film* Finally, liuMbers 20, 21, 22 and 23 were 

included to complete the 8-7- and 8-5-blend ration' La clear solutions. 

Oil-bane paints eery prepared as controls and for use in combined 

systema as primer or topcont.'' T oil primer, PlOs a TT•P-25-type !emu- 

lation while the oil topcoat, Ti, is a TT-P-40, Type I, Class A formulation. 

The plan for exposure evaluation of paint systems involved both weather-

°meter studies and exterior 454 -south exposures of identical systeme. Thic 

procedure wag deaigned to determine the utility of the viathermeter for 

accelerated tenting of this type of paint system. The first 16 paints and 

Formulation 20. 19 were studied both as a two-coat self-prized aystem and 

as a primer with an oil-base topcoat* The clear solutions were studied as, 

primers in two types of three.coat systems, the first with two coats of 

Pliolite paint, and the second with two coats of oil-base paint. The re-

sults of veatherometer and exterior exposures were recorded and correlated. . 

2. WeathereTeter Studies  

a. Preparation of Poznan.  It was necessary to limit the size 

of vostherometar panels to the practical maximum of 3" x 9-1/2". The non-

uniformity of southern yellow pine wad be most  objectionable for panels 

of thin size; therefore, white pine panels were used for this work. All 

paint films were applied by brushing. The weight of paint applied to the 

panel was controlled carefully to obtain a quantity calculated to produce 

a dry-film thickness of 2 mile for each coat, 

-7- 
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b'Pait it:-3steis...—ooed...ZL. It was further necessary to limit 

the number of panels exposed in the weatherameter to a total of apneas 

which occupied all the available space. The 24 paint systms exiyised 

were carefully selected to provide the maxi = of informetion from a 

restricted number of panels. This will explain the obvious omissions in 

.the series of weathercmeter erpocures. The accelerated weathering machine 

used was the National X1A Weatherometer operating in accordance with A.S.T.M. 

Specification 022*L6T. The painted panels wore exemined carefully before 

being placed in the weatherometer. After every 20 hours of weathering, the 

paints were examined surstari17, end after each 100 hours the panels were 

removed from the machine and detailed evaluations were recorded. Table III 

shows the paint systems that were exposed and their initial appearance 

properties. 

cl  Disceesion of Results. Attention is first directed to the 

Initial Lve)rance properties ()t i the systems recorded in Table 	It 

will be noted that gloss decreases progressively with increasing P.V.C. 

and that none of the Plicate paints are as glosey initially as the oil 

paint. Leveling wts excellent for all t;le Pliolite paints but only fair 

for the oil paint. It was also noted that wet edge and Lrush pull were 

not entirely eatiefactory in the case of the Pliolite paints. rrUsh pull 

on application of a emend coat of Pliolite paint was a major difficulty. 

Attempt, to paint over oil primers with Pliolite '.topcoats:. were abandoned 

becatze of the solubilising effects of the solvents in the Pliolite paint 

on the dried oil.paint 	i.e., blisters wore observed in the film 

within a few minutes after a431ioation of the Pliolite topeoet. 
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Syiste= 	Primer. 
 

Number 	NuMber 

WI 	 2 
5 
6 

2
w2 

	 7 
w5 	8 
w6 	9 
1.7 	10 
tea 	11 
W9 	32 
W10 	

12 W11 
W12 	15 
W13 	16 
W14 
W15 	N. 
W16 	17 
W17 	11 
W16 	lf.$ 
W19 	2 
1120 	 5 
W21 	 6 
lor.e. 

3 	7  
`.a le 	P1 
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TA.BLZ zsi 
WA= STOZEMS 

. Third 
COst 

Suinber 

Second' 
Cott 

Vumber 

2 
5 

7 
8 
9 

Gloss Leveling 

Very n3.1ght 
E1igbt  
Very slight 
Flat 
Flat 
'4;licht 

Excellent 
Excellent 
Excellent 
txcellent 
Excellent 
Excellent 

10 Very slight Excellent 
3.1 Flat Excellent 
32 Flat Excellent 
1 
1 

Ulight 
Very slight 

Excellent 
Excellent 

15 Flat Excellent 
16 Excellent 	• 
10 10 Very slight Excellent 
10 3.0 Very slight Excellent 
10 Very ell sht Excellent 
Ti E. 0 dartste FUr 
T1 T1 Moderate Ps it 
Ti Modf..,rate ralr- 
T1 Modf.zate Pair 
v. tiodraratc Fair 
Ti Modertite rair 
Ti Very slight Fair 
T1 Mod4-vetc Fair 

*All costs applied at approolmately 2 al dry film thickness. 

.9. 
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'Whtle a cOMplete record of the performance of eech panel vas main. 

tained as the test ;wog:ea-zed, the couplets presentation of all of this 

data would be superfluoue. It is sufficient to simply indicate the tine 

when various failures begin to occur, 

'In general, for all-Pliolite systems: 

Ctalkini  began at about 100 hours, became heavy at 200 hours, 

'cimsalabezan at about 200 houru, became marked at loo bows. 
Clleekinq  occurred on 30 and 40 P.V.C. Pliolite formulatione 

beginning at 100 hours and progresaing up to 300 hours. 

when it occurred, been at 100 hours and progressed uni• 

formly, 

Color resolledmaximun depth at 100 hours, then improved as chalking 

pro ass 

or cil.topeoated eystems: 

ellelkling,  been at 300 hours, had progressed only slightly at heap 

houre. 

CrachinA  where it occurred, progressed gradually from 303 to hoo 

hours. 

Cheekily  did net occur', 

Peeling,  when it occurred, began at 100 hours and programmed uni-

formly. 

Color develovmuM was not appreciable. 

To clarify the presentation of final results, Table IV, AMT/22101411TES 

SMINTIPE, page 11, describes each system in terms of the main variables 

involved with the systems grouped in logical order. Figure 1, Final Wtath-

eroveter Expmuurs Results, Pogo 12, is a graphical presentation of results 
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•lite # 17 
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W-2 35 30 35 30 ....- w-15 
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743 100 -Co 100 60 ..... w-23 
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Figure 1. Final Weatherometer Exposure Results (402.1 Hours). -  
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in the form of "profile" plots. When possible, these evaluations and all 

evaluatious throughout this program wore obtained using the an= 

St :cords dual  Of the Federation of Paint and Varnish Production Clubs 

with numerical units of 0-10 for ratings. These unite =agape the ordi-

nate Tor each system on the graph, whilst on the abscissa the types of film 

failurcr:, are indicated. A "profile" rather than a bar graph vas used for 

oicplieity. The eompa•attre performoulce of the eyetems v111 be scen'to 

stand out clearly in thin presentation. Figure 2, Weatherometer Panels 

After 402.1 Hours' 4posure, pace 14, is a photograph of the panels after 

corpletion of the tests. 

d. Weatheroneter Test Observations end Conclucions. As-pre-

viounly notedl  because of space Limitations, the aeries of Pliolite paints 

containing 16 per cent 8-7 in the nonvolatile vehicle was exposed. at 4o 
per cent P.V.C. only. Ilhewise, the pricer-topcoat variations (W14 

through W23) were condensed in °cope. From examination of the results, 

however, it ray be concluded that a more intenuive investigation of the. 

typo of formulations here studied would not have been worthwhile. Sig• 

nific ►nt observations are summarized as foilowai 

(1) The oil-base control system (W24) vas ouperior to all of the 

Plielite systems etudied. . 

(2) A three-coat aystam (W17) involving a clear Pliolite primer 

followed by two coats 'of oil-base topcoat paint was slmet 

equivalent in performance to the control system. 

(3) Among the all-Pliolite systems, W1 (16 per cent 8-7, 84 per cent 
8-5, 4o per cent P.V.C.) and W12 (100 per cent 8-7, 50 per cent 
P.V.C.). were outstanding in performance. 
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Figure 2. Weatherometer Panels After 402.1 Hours' Exposure. 



'(!s) A periodicity of film properties of ail-Plioliti'systets was obi.' 

served for tho throe series of four system each (W2 through W13). 

In ceneral, 50 per cent P.V.C. compositions wore superior for 

Pliolito paints, and 100 per cent S-7 - vehicles were superior at 

all P.V.C.,s. 

(5) Pliolito paint failures were primarily chocking and cracking) 

however, chalking was excessive in all cases. 

(6) All Pliolito paints retained malefactor; whiteness on ir• 

ledletdd areas but yellowed to various degrees on protected 

'panel areas. This ,ellowness increased with increasing P.P.C. 

and Pliolite 3•7 and was most pronounced at 100 per cent 34, 

60 per cent P.V.C. 

While no.attanptvias made to evaluate adhesion quantitatively, come -

si:;nificant observations were made regardina this property. Adhesion of 

the all.Pliblite syotems was considerably improved at low P.V.C.'s.' 

Furthermore, adhesion of the systems involving a clear Pliolite primer 

with a plowntod Pliolito topcoat 0141  W15, W16) was excellent. The same 

excellent adhesion was obtained from clear Pliolito primors topcoated with 

oil paint. In contrast to this observation, the pigmented Pliolite prirars 

topcoated with oil paint (W19 through W23) and the pi 4;mented all-Pliolite 

systems, particularly those with high P.V.C.a swere noticeably inferior in 

adhoeion. 

Based on these observations, the following general conclusions wore, 
. 	• 

dram. 

(1) The failures,of weatherameter-expooed systems by checking, crack.' 

ing and pooling indicate that improved permanent distensibility 

45. 
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and adhesion is required to produce paints equivalent to good 

Oil paints for application to exterior wood. 

(2)Adhesion of Pliolite paints to wood may be iqproved, by using 

a clear Pliolite primer or possibly& very low-P.V.C. primer. 

(3)Excessive chalking characteristics were not shown to be related 

to P.V.C. or Pliolite type. 

Exterior 45'-South Exposures 

a. Preparation of Panels. Panels were assembled from three-foo•, 

lengths of No. 105 pattern southern yellow pine lumber, kiln dried. Three , 

 paint systems each one foot vide were applied to each board. On all boards, 

the leftmost system was the P1-T1 oil-paint type, while the other two 

system, were experimental types. Au in the case of the veatherometer panels, 

all paints were applied in weighed quantities calculated to produce a dry-

film thickness of two m113. The assembly of the painted panels is shown 

in the photograph of Figure 3, Panels After One-Month 454 -South Exposure, 

on page 17. 

b. Bystems Exposed. Each of the sixteen pigmented Pliolite paints 

involving systematic variations were exposed both as a two-coat self-primed 

system and as a primer under the oil-base control topcoat 1700E (T1). Formu-

lation No.. 19 which involved the TB2QR solvent was exposed similarly. The 

remainder of the formulations, the =pigmented types, were studied as primers 

under one and two coats of Formulation No. 10 and of oil-topcoat T1. These 

systems were placed on 10 -exterior-south exposure on March 1, 1951. ' 

a. Results. The working properties and initial appearance of 

these paints were discussed in connection with the weatherometer systems 

and need not be discussed here since the observations were identical. 
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The exposed panels vere first examined for weathering effects at 

11 days' exposure. Thereafter, examinations vere made at intervals of 

one month up to a total period of eight months' exposure. here again, it 

complete presentation of all data *Mad be unnecessarily cumbersome. By 

few, the Most significant type of film failure of the Pliolite paints 

was peeling which rapidly developed into a flaking failure. The progress 

of this condition is recorded in Table V, FLAKING FAILURES OF EXTERIOR 

This table also serves as a key to the paints applied, as identi. 

tied by system numbers. The photograph previously referred to, Figure 3, 

Panels After One-Month 454 -South Exposure, further indicates the nature T 

of the flaking failures. 

• • Di 

• 8- 



E-1 1-1 7 6 0 0 E-25:: 13-13 
F-2 1-71 9 6 0 o E-26 13-T1 
E-3 2-2 5 2 0 0 E-27 114-14 
-4 2-T1 8 2 0 0 E-28 14-T1 

3-3 5 2 0 0 E-29 15-15 
E-6 3-Ti 8 2 0 0 E-30 15-T1 

14714 o 0 0 0 E-31 16-16 
E-8 4-31 4 1 0. 0 -32 16-T1 
E-9 5-5 7 5 0 0 E-33 17-10 
E-10 9 6 0 0'_ E-34 17-10-10 
F-11 6-6 7 4 0 0 E-3• 17-T1-71 
F-12 641 8 14 0 0 E-36 18-10 
E-13 7-7 2 0 0 0 E-37 10-10-10 
F-114 7-T1 5 1 0 0 F-38 18-T1-T1 
E-15 8-8 o 0 0 0 E-39 19-19 
F-16 8-41 6 3 2 0 E-40 19-T1 
E.-17 9-9 10 10 2 0 F-41 20-10-10 
F-18• 9-71 10 10 2 0 E-42 20-T1-T1 
F-19 10-10 5 4 0 0 F-43 21-10-10 
F-20 10-T1 io , 4. 0 0 E-44 21-T1-71 
E-21 11-11 o o 0 0 E-45-  22-10-10 
F-22 11-71 0 0 0 0 E-136 22-T1-T1 
S-23 12-12 o 0 0 0 E-47 23-10-10 
E-24 12-41 10 10 3 0 F-48 23-T1-T1 

Oil Control 

8 14 0 
10 4 0 

7 0 0 
8" 0 0 
6 0 0 
8 0 0 
0 0 0 
10 7 5 
8 6. 4 

10 7 4 
10 6 

10 . 	7 4 
lo 6 3 
10  9 6 
7 2 0 

lo 0 0 
to 5 Is 
10 10 9 
10 6 la 
10 10 8 
10 8 6 
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10_ 10 
10- 10 10 
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PUKING FAILURES CF XXIERIOR :37nTI".41S 

System* 	** Co:ditioo After Exposure***  
Number Sequence  11 aLys 1 	4 ros. b mos. 

*1* 
System* 	• __ Condition Lfter rxcosure  
Number Sequence  11 days 1 mo l  L TOS. d =os. 

*:These numbers refer to paint systems subjected to 45s-south exterior exposure.. 
These numbers refer to :he sequence in which Various combinatioas were applied for each system. 
'These ngmbers denote de;Tees of cracking, flaking and/or peeling after certain periods of exposure. 
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The addition of information on dirt collection and chalking is aft. 

te to characterize the performance of the films. These properties 

c very similar among all the Pliolite-topcoat systems and for all oil 

.c-topcoat systems. Results as averages are tabulated below. 

TABLE rx 
DIRT COLLECTION AND CHALKING OF LICTERIal SYSTEM 

:alto Systems 

11 Dadra 1 Month 	, 4 Months 8 Months 

Dirt Collection 
Chalking 	• 

8.0 
9.7 • 

7.5 
7.4 

9.0 
3.0 173 

.-Dane Systeme 

Dirt Collection 5.8. 4.3 3.4 6.0 
Chalking 10.0 10.0 7.6 2.0 

d. Exterior Exposure Observations and Conclusions.  Based on 

) results for the first sixteen Pliolite paints applied as tvo-coat 
. 

Lf-primed systems, it appeared vorthvhile to plot the performance of 

me systems in terms of Pliolite 8.7 'content and P.Y.C. versus the de. 

► f of cracking, flaking, or peeling. The plots vere taken from the data 

eleven days' exposure since for these systems (odd numbers El through 

L) the trends vere vell-developed at that time. Prom the plots shovn in 

Aire 4, Effects of Pliolite 5.7 Content, and Figure 5,. Effects of Pigment 

Lune Concentration, the comparative performance of the sixteen compositions' 

well-illustrated. These plots indicate that 100 per cent 8-7 vehicles 

130 per cent P.V.C. 1 8 show superior performance arcing this series, It 

further noted that paints formulated et 100 per cent 8-7 vehicles were 

God perfect at 30, 40, and 50 per cent P.V.C., while paints at 30 per cent 
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P.V.C. were rated perfect at both 70 and 100 per cent Pliolite 8.7 eon. 

tent. Weathering for a longer period of time clearly indicated that 

Cystoo No. Z25, two coats of pigmented Pliolite at 100 per cent 8.7 and 

30 per cent P.V.C., was the best of this group and that System No. ElT 

at 70 per Cent s.7 and 30 per cent P.V.C. was next in performance. - 

The study of a variation in solvent type 03238 replacing xylene) 

is exemplified in System No. E3), two coats at 70 per cent 8•, ho per 

cent P.V.C., which is analotwus to System No. Z3.9 in the series, The use 

of the clearer-evaporating oromatie solvent definitely improved the per. 

farm ance of thia paint. 

Evaluation of oil topcoats over the pigicentedniolite primers (even. 

nunbered eyetems Z2 through E32 plus Z40) show*, in general, somewhat 

superior performance for these systems, compared to their all-Pliolite 

co•nterparts„ with respect to flaking failure. Chalking properties of 

oil topcoats were also more satisfactory than Pliolite topcoats. A signifi-

cant observation in favor of the Pliolite topcoats concerned dirt collection. 

The oil-base topcoats were snleb dirtier even at only eleven days exposure 

thlm yore Pliolite topcoats. The greater film hardness of Pliolite paints 

was probably responsible for this condition einee chalking bad not yet oc-

curred. %rhea distinct differences in dirt collection were first evident. 

The performance of systems utilising Clear Pliant, sealers was 

coneWhat more encouraging. These studies involved Systems Nos. E33 through 

E43, excluding E39 and Z40. The selection of Formulation No. 10 as the 

Pliolite topcoat was unfortunate since it was not the but of the Matte 

paints. /bat of the systems studied were three-coat types since a single 

topcoat over a clear sealer did not supply completely adequate hiding. 

.23." 
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'Nevertheless, Systeme t33 and B36 which hail only a single application 

of Pliolite topcoat compared favorably in perfornance to their counter-

pzirts L34 and R37 having two topcoats of Pliolite paint. 

Relating the performance of the clear sealers to their cOmposition„ 

it will be teen that under Pliolite topcoats, Formulation Nos. 22 (75 

per cent 0.7) and 23 (100 per cent 0-7) were superior. Under oil top-

coats Formulation Nos. 20 (0 per cent 0-7), 23. (25 per cent 0-7), and 

23 (100 per cent 0.7) were best in performance. Proeumably, Formulation 

.V4'23 (100 per cent 0.7) vs the best all-around clear sealer of the 

group. "aversely, Formulation Noe;. 17 (50 per cent 0-7) and 16 (100 

per cent 13..7-30 unreduced) were covaratively poor in performance. It 

is of further interest to note that Formulation. No. 22 performed better 

under the Pliolite toptoate than under oil topcoats. This was a reversal 

of the performance of the other tutelars. 

The lack of precision of evaluation and the limited data obtained 

do not persit en attempt to patently explain the observations made on the 

clear primer syntems. A comparison of Formulation BO. 16 (100 per cent 

8-7-30 unredueed) with Formelatioll NO. 23 (100 per cent 8-7 reduced with 

xylene) appears to indicate clearly that a reduetion.ia concentration and 

viscosity of the Pliolite 11-7 solution yields improved performance es a 

Clear priner. It is possible that the gene:611y poor performanee of 0-7 

S.5 blends, notably Formulation Noe 17 (50 per cent 0-7) 8 .10 related to 

a slight incompatibility of blends observed and noted earlier in this re. 

port. 

The most significant observations are ansugarited as followst 

1. The oil-base control systen was generally superior to all the 

Pliolite systems studied. 
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2. System No. F42 (clear Pliolite S-5 primer with 2 costa of 011- 

base topcoat) VAS almost equivalent in performance to the control system. 

3. Among the all-Pliolite two-coat eystems, 25  (100 per cent S-7, 

30 per cent P.V.C.) van outst4nding. 

4. The systematic series of all-Pliolite systmx (odd numberedEl 

throuzh E31) *shoved a periodicity of film properties. In all eases, per-

formance improved as P.V.C. decreased and/or as Pliolite 5-7 content in-

creased. 

5. Pliant** film failures vere by cracking and flaking; chalking 

was excessive in all canes,' 

6. No serious color changes were observed. 

7. Dirt collection vas much greater on the oil-paint film than on 

Pliolite-paint fans. 

8. Improved performance of Pliolite paint was achieved by replacing 

xylete with a slower aromatic solvent. 

As in the cote of veatheroteter exposures, it wne observed that ad. 

hesion was improved when lov-POI.C. Pliolite primers were used. Adhesion 

was still better when clear Pliolite .primers were toed, even in a two-

coat ayatem (E33, E36). 

General conclusions from these observations are as follows* 

1. It is indicated that Pliolite binders require modification to im-

prove distensibility and adhesion to wood if a satisfactory house paint is 

to be achieved. 

2. Conparatively low P.V.C. 0 e are indicated for Pliolite paints for 

exterior wood application. 

3. Excessive chalking is a problem that appears to be unrelated to 

P.V.C. or Pliolite type. 

4. Solvent variations 'significantly affect film properties of Pliolite 

paints. 

.25- 
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4, Correlation of Weetheroneter--Exterior Studied, 

a. Diccusaion. From an examination of the exposure data, it 

appeared, evident that for chalking failures a fair degree of correlation 

mIght be obtainable between the weatherometer-exposed and the exterior-

exao•:ed identical systems. Conversely, it was apparent also that corrals-

tic= for cracking, flaking, and peeling would be rather poor. To in-

dicate the degree of correlation without undertaking lengthy mathematical 

operationa l  a aeriee of ploto was prepared to compare veatherometer-versas 

exterior-exposure resulta, These plots in Figure 6, Chalking Correlationa l 

 and Figure 7, Into 	Correlatiouo, are shown on piece 27 and 28, re- 

epectively. Each dot on thetas scatter plots repreaenta as paint eyatem. 

A dot to located on the abacisaa by the exterior performatce, and on the . 

ordinate by the weatheroaeter performance of the cyst= represented. Per-

feet correlation would be obtained if all dote Should fall on the diagonal 

etraight line ahoy?' in each plot. Beneath each plot, the exposure period 

for the vtatherometer and exterior eystels under consideration are indicated. 

At 100 houra veraus 11 days, veatherameter chalking is seen to be more 

advanced than exterior chalking. At 1O hours! versus 1 month, pointe are 

somewhat &clattered, but correlation ia fairly good. When 200 hours' versus 

2 scathe exposure is examined, charaoteristie trends are even to have de-

veloped, and the weatherometer ie found to be leading again in chalkiness. 

At 200 hours veraus 4 months, good correlation occurs. ?bur hundred/tarsus 

4 months placer, the weatherometer slightlyslead again, and finally, loo 

hours vcreua 6 months shove good correlation. 

Integrity, as referred to in the charts on page 28, means the condi-

tion of thewyetes with reepect to cracking, flaking, or peeling--vhichever 

-26- 



q..
zo

d
ea

  -
p

ub
./
  

IT
T

-L
9
T

 'O
N

  q
-O

G
rO

Jc
i 

/  

5 
	

10 

200 HRS.-2 MONTHS 

1 0 

w 5 

0 

10 10 10 

W 5 W 5 W 5 

0 
10 5 

400 HRS.-6 MONTHS 

10 10 
0 0 5 

E 
200 HRS.-4 MONTHS 

5 
E 

400 HRS.-4 MONTHS 

/  
/ 

/ - 

./ 

• 	• 

5 

/ 

/ 
/ 

0 5 
E 

100 HRS.-1 MONTH 

10 

10 

  

  

   

W 5 

  

- 
	 • W 

  

  

0 
5 
	

10 
E 

100 HRS.-11 DAYS 

Figure 6. Chalking Correlations. 



W 5 • 	- 

10 

5 
E 

400 HRS.-11 DAYS 

101 101 	 • 

10 	0 	 5 	 10 	0 	 5 	 10 
E 	- 	 E 

	

400 HRS.-1 MONTH 	 400 HRS. - 2 MONTHS 

0 

/ 
• 

W
 5

 ! 
	 W 5 1

 
 

•o
m

  I
.o

e  
ro

ad
  

‘1
...t

od
ea

  T
eu

T
a  

Figure 7. Integrity Correlations. 



Final He rt 	t Nos 16T-x.11. 

is the poorest. From en exawitation of the rev data, it appeemicftmlous 

that practically no correlation existed between weatherometer and exterior 

perftrnance with reapect to integrity felluves. Nevertb,eless, three 

matter plots were prepared to illustrate the degree of correlation. The 

first ethane, 400 hours versus 11 days, shoes vide dispersion but also 

indicates that weatherometer aging is more advanced than exterior aging. 

The second plot, hoc hours 'mous 1 month, also Shows vide dispersion but 
-does indicate that, in general, the degree of aging is about the sane. The 

third plot, 400 hours versus 2 months, retains the wide dispersion and 

clearly sheen greater aging for 2 months' exterior expoeurc than for too 
hours in the 'weather titer. 

b. Conclusions. For accelerated evaluation of the chalking 

tendencies of pig rented Pliolite and oil-based paints; the following sp-

. proximate equivalence has been established. 

Watheroneter F 	Exterior 45! 

100 hour 	1 month 
2ao hours 	 4 molitla 
00 hours 	 6 months 

Far accelerated evaluation of integrity failures, no useful correlation 

of weatheroetter versus exterior 451° -expoeure perfOreance wee determined. 

te 8- Paints 

1* Pl"  of IIIEE4AllalzgotMaittia 
It vas decided that formulation efforts should be Concentrated 

on modifications of Fli‘lite 8-, site, the work to this point had indicated 

that Pliolite 8-7 does not provide sufficient permanent plasticity, even 

when used.as the solo bitdcr materiel. nrthereore, Pliolite 0-7 vas not 

-2 - 
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available in the snorer desirable form of a solid resin. Thui„ all sub-

solvent work was devoted to the study of compositions based on Pliolite 

3-5 as the primry vehicle constituent. 

The previous work clearly *bowed the need for additional plastiei-

zation; however, the quantity and type of plasticizer required was, U 

yet, undetermined. The purpose of the study here described was to obtain 

this information. By a systematic study of plasticizer variations in a 

single Base Formulation,  the approximate plasticizer requirements for 

Pliolite $-5 vehicles was determined. 

The Pane" Formulation  selected for this work was as follovsi 

BASE FOIMIATICCI 

Per Cent by Weight 

Rutile 1102 	 12.1 

zinc Oxide 7.7 

Magnesium Silicate 10.7 

Pliolite 8-5 ♦ Plasticizer 20,3 

Shell TS280B 30.4 

Mineral Spirite 18.8 

100 .0 

- P.Y.C. 	a 30 per cent 

Solvent Z-B • 6o 

Cone:lis ten° y • 85-90 E.U. 

The percentages by weight as listed above were neoesssrily varied 

slightly depending upon the amounts and types of additives used, but the 

P.V.C. 0  SolVent K-B, and consistency were held constant. It maybe noted 
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that this form:Ilation does not depart very much from the N-491 Moue  

White Enamel tested on Project No. M-142. The Rutile T102  wan selected 

to supply the necessary hiding, and possibly to improve chalk resiatance. 

zinc Oxide provided ultraviolet ovacity to inhibit degradation of the 

Pliolite binder. MagneniumBilicato served as an extender and possibly • 

reinforced, the film , atehanically. Shell TS2C11 provided the aromatic con- 

tent for the solvent s  and had. a volatility approximately equivalent to 

the mineral spirits diluent.' 

The following plasticisera were selected, for this study: 

Chlorovax 

Zanticizer B-16 (butyl phthaly1 butyl glyvolate) 

Tung Oil 

Pareplex 0-60 (polyester-type plasticiser) .  

Aroclor 1254 

Each of these materials wan used in the base ibraulntion, replacing 

Pliolite E3-5 at the rate of .% 10,120, 30, and ►0 per cent of the total 

solids in the vehicle. The actual formulations used are ahown in Table 

VII, PLAOTIOIZED PLIOLITE PORMILATIO33, on pages 32 and 33. 

2 Teat ProcedIxe 

AU of the paints were prepared by pebble-milling the ingredi. 

ants with a 30 per cent solution of Plioliter $- in the mixed =ea-

mineral spirits solvent. Milling required about 15,20 hours. Consistency 

was adjusted by subsequent addition of nixed solvent as shown in the form. 

ulations. About one quart of eaeh type of paint was prepared. 

Tent panels wore constructed from three-foot lengths of No. 105 pat. 

tern southern yellow pine lumber, kiln dried, Two boards were used for 

.31. 



TABLE VII 

PLASTICIZED 	0 1...;k:IvIJ,1101Z 

 

   

tilM1 

lc10  101 102 103 	104 105 106 107 108 109 110 111 112 

Pi anent (Total -I.:eight 31.0 32.0 12.',) 33.0 	35.0 35.0 32.0 32.0 34.0 314.0 3B.0  32.0 33.o 
Far Cent) 

Titanox :A-NC 32.6 39.6 39.6 39.6 	39.6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 
ZrO • 25:0 25.0 25.0 25.0: 25.o 254 25.0 25.0 25.o 25.0 25.0 25.0 25.0 

35.h 35.4 35.h 35.4 	35.4 35.4 35.1 3.4 35.4 35.4 35.4 35.4 35.4 

Telliele (Total ';etiat 62.0 68.0 68.0 67.0 - 65.0 &..0 68.0 63.0 &'.0 (.4.0 62.0 62-.0 67.0 
Fes Cant) 

(33 Per 96.9 
cent in ::,olvont) 

94.3 90.7 86.0 	t2.8 76.8 93.6 90.8 8,9.6 ;.M.o On e 
1,4.2 93.6 1;1.7 

Thai; i.-11 1.5 3.1 
- 

•••■■• 1.5 3.0 6.4 	1o.6 15.4 •■•••• 

:ntirizer B-16 1.5 2.9 6;7 10.9 16.1 MN. 

Par*  plax C--(0 • 
i1254 

0111.1•/ ••■■•• .111■ ••• ••■••• 

.Adcied 3.1 4.2 6.3 7.6 	6.6 7.8 14.9 6.3 4.7 5.1 3.4 4.9 5.2 

Pthsticlzer Content of 0 5.0 10.0 20.0 	30.0 40.0 5.0 10.0 20.0 31.0 140.0 5.0 10.0 
Nonvolatit3 VaUclo (4 

Pates .P32" Cr.  allon 9.6 9.7 9.8 9.9 	1C.2 10.4 9.7 9.8 10.0 10.2 10.4 9.6 9.7 
Grind.(V.S.5.) 4.5 4.5 3.5 4.5 	4.0 4.0 5.0 4.5 4.5 4.0 Lo 5.0 
ConsLotency (K.U.) &4 .0 PA.0 5.0 85.0 MO 0.0 89.0 85.o 87.o e3.0 8S.o 

(Cont.Lnued) 

riv 2j22.1
,E,,(2

.62zu
 



TALIE 711 (Continued) 

PW.STICIZD 

' 

For7ulation !:umbera 

113  114 115 116 117 118 119 120 121 122 123 1211 125 

Pigment (Total if:eight 35.0 374 404 32.0 33.0 34.0 37.0 38.0 32.0 32.0 3!....0 35.0 
Per Cent) 

• 	Titanox RA-NG' 3".6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 
Za) 25.o 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
Mg.51.1, 3.7.15 35.4 35.4 35.4 35.4 35.4 35.11 35.4 35.4 35.4 35.4 35.4 35.4 

Vehicle (Total `•:eight 65.o 63.0 60.0 63.E 61.o 66.0 63.0 62.0 68.0 68.0 66.0 65.0 
Per Cent) 

Pliolits S-5 (30 Fer E7.2 84.1 77.6 94.2 93.2 83.3 83.3 77.1 95.0 94.1 89.6 85.8 78.8 
Cent in Solvent) 

Tunz oil 
chlorowtx-40 

6.8 10.7 15.6 ADAM. 

Santicizer E-16 
Paral4lnx G-60 1.5 3.1 6.6 11.0 15.4 
Aroclor /1254 1.6 3.0 6.7 11.0 16.0 
Added .solvent 4.0 5.2 6.8 h.3 3.7 5.1 5.7 7.5 3.4 2.9 3.7 3.2 5.2 

Plasticizer Content of 	20.0 30.0 40.0 5.0 10.0 20.0 30.0 110.0 5.0 10.0 20.0 30.0 40.0 
LonvolLtile Vfltacle (%) 

Pounds Per G:Illon 9.7 10.2 10.3 9.6 9.7 10.2 10.2 10.3 9.7 9.9 10.0 10.3 10.5 
Grind (N,%S.). 5 4.0 5.0 L.5 4.0 L.0 3.5 5.0 4.0 4.0 4.o 3.0 3.0 
Consistency (K.U.) 830 684 80.0 84.0 84.0 88.0 89.0 83.0 84.0 88.0 86.0 89.0 -88.0 
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each test syetea. All boards were back-primed with a heavy coat of 

aluminum paint. A one-foot length of each board was primed with en 

oil-bape TT-P-25 formulation, while the rinaining two feet were prized 

with the test paint. Then, after 24 hours' drying, the whole board was 

topcoated with the teat paint. Paints vere applied to the panels in 

veighed quantitiee calculated to produce a dry-film thickness. of one 

mil for each coat. Several panels of a ootem of TT-P-25 - TT-P-40 

oil-base paints at nortal film thicknesoeu were also included in the 

stud ► . 

The test panels were mounted on frames which held six panels each. 

Altogether, five frame were used for this series of studies. These 

frames were mounted on a 454 •south test fence located on the roof of 

the Georgia Tech Research Building on January 14, 1952. 

3. Test Results 

!a...Application PrIperties.  It was necessary to apply Pliolite 

paints to,the panels in quantitiea equivalent to only one m41 dry-filM 

thickness, since greater quantities of paint caused severe sagging of 

the wet film. Pliolite paints brushed patisfaetorily as pricers and es 

topcoats over the oil primer, but they were difficult to brush as eelf-

primed topcoats, Bruzbinc properties varied considerably, however, with 

the degree and type of modification of the Pliolite paints. Brush-drag 

in the application of Pliolite topcoats over Pliolite prinero was un-

doubtedly due to a resolubility of the primer in the topcoat solvent. 

At the same time, it wee encouraging to note that no "lifting" of oil-base 

primer was experienced upon application of this series of Matto paints 

as topcoats over the oil-base primer. All the Pliolite paints dried to 



121ia...;i11zEtpE21291Z)11§1:111 

touch in s few hours' time, and the systems provided adequate hiding 

despite the by file thicialessee attained* 

b. 	eaxes 	 tioervens. After ten days of 45 e •south expoeure, 

the panels ware examined. All of thee Pltolite paints applied over oil-

based prier were unchanged, but, among the two-coat Pliolite spplice 

tiona, definite trends were alresdy opparent *  In ebb cases, performance 

improved directly with increaaingpansticizer concentrations All foreule. 

tions at 30 per cent end Ito per cent plasticizer concentrations were ;41 - 

feet, but the paints containing lower plasticizer concentrations were begin. 

ning to- fails The cotter fame of the 1) per cent plasticizer, paints 

shoved slightly greater dirt collection than paints vith lece plasticizer, 

but•they were still we dirtier than a conventionalvil-peint control eye-

tem. 

All of the observed fili failures originated  with wing which 

rapidly developed into 4 flaking conditions Therefore, the progress of 

the weathering process can boadeqltately described in terms of flaking* 

The results of them) observations over a six month period are presented 

graphically in Figure 8, Flaking of Two-Goat Pliant° Systems, on page 

36, and in Figure 9, Plaiting of Oil-Primer, Plioliti-Topeoat Systems, on 

pao 37• (Exposed systems are desigeated by the Formulation Vo *  of the 

Pliolite paint used with the suffixes P or 0 to represent two coats of 

Plielite paint or oil-p: finer Pliolite-to;,oost systeue, rezpectively4 

Unfortunately, even the best of these experinental systems was inferior 

to the two-coat oil-base control system Which vim rated 9-flaking at the 

end of six months, 

Positive accomplishments were not entirely lacking, however *  The 

lO per cent SanticizerE46 mOdification wee seen to be decidedly superior 
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to any previous Pliolite formulation. Chalking was not objectionable in 

this series of formulations but actually folloved very closely the chalking 

performance of the oil control. Finally, despite the elightly softened 

film produced by 40 per cent plasticiser modification, dirt collection of 

the Pliolite films was Still slightly less than the oil-paint film. 

4, Conclusions  

The results of this study indicate that improvements in the film 

properties of Pliolite paints wore accampliehed in this work. Nevertheless, 

the flaking character of the film failures demonstrated again that more 

permanent film flexibility and adhesion must be achieved if the performance 

of oil-based paints is to be approached. Specific conclusions from this 

work are as follows: 

a. Plasticizer concentrations of ho per cent based on the nonvolatile 

vehicle are most affective in the paints studied. . 

b. Santicizer 21-16 was definitely superior among the plasticizers 

tested. The order of performance 

Santicizer B-16 

Chlorovax 4o 

Aroclor 1254 

Pareplex G-6) 

Tung Oil 

c. Systeme of Pliolite topcoats over oil primers yore definitely 

superior to all-Pliolite systems with respect to weathering properties, 

d. Excessive chalking wee corrected in this work, but brushing 

properties and exterior weathering properties were naC4ufficiently im-

proved to rake these types of Pliolite paints worthy of consideration as 

exterior wood finishes. 

-33- 
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D. stud of Plasticizer Blends 

1. Introduction—Formulations  

After preliminary observations on the results of the individual 

plasticizer studies, it was thought that certain blends of plasticizers 

in Pliolite paints might produce enhanced weathering performance, Ac+ 

cordiagly, a series of exposure studies vas devised to test this idea. 

The awe Br= Formulation as described in Section C van used in this vork. 

Actual comosition data for the blendaareabown in Table VIII, PLASTICILE' 

BLEND FCCNULATICVS,on pace 4o. The plasticiser concentration in all cases 

was 4o per cent of the nonvolatile vehicle. The plasticizers used were 

the to as in SectionComdthey were blended in the following manner: 

a. Two-thirds Chiorovax 40 with one-third of each of the other 

plasticizers. 

b. Tim-thirds 3anticizer D..16 with one-third each of the other 

plasticizers, 

. 2, Test Procedure  

Thin series of paints was prepared by sinply blending the paints 

prepared in the previous work, described in section C, in accordance with 

the composition requirementa for this study. Panel design and painting 

followed the same plan that was described for the individual plasticizer 

studies. The completed frames were mounted on a b5' -southtent fence 

located on the roof of the Georgia Tech Research Building on April 1, 

1952. 

3. Test Results  

a. Application Properties. As in the case of previous Pliolite 

paints )  a dry-film thickneas of only one mil per coat could be attained 



ThELS VIII 

PLA&TICI17„?.. LL.F.r1.1 10 IS 

Mi......./..1.1.0111111110 
For;:n1rttion Ltz -tiers 

•••••■•• 

128 	129 130 131 132 133 134 135 

Pi~ rt, ent (Total ••eight Per Cent) 37.0 36.0 37.0 35.0 37.0 30.0 37.0 37.0 

Titan= 2A-TAI. 39.6 39.6 39.6 39.6 39.6 39.6 39.6 39:6 
ZnO 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

Diphca- 
Ug.S11. 35.4 35.4 35.4 35.4 35.4 35.4  35.4 35.4 

Vehicle (Total 	ter Cent) 63.0 64.0 63.0 64.0 63.0 62.0 63.0 63.0 

-Pitolite s-5, 30 Per Cent 78.1 77.0 77.0 77.6 79.3 79.5 79.3 60.0 
Solution 

Chlorowax 	: 10.2 10.2 10.2 10.2 5.1 40■41111, ■•••••• 

B-16 5.4 10.7 10.7 10.7 10.7 
Tun - 	• 5.3 - 5,2 ... 
jamplex 0-60 5.1. -- -- 5.2 
Arodlor 01256 - 5.3 a r a- 5.3 
5,:avent• 6.3 7.5 7.7 6.9 14.9 4.6 4.3 4.0 
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without the occurrence of sagging. The problem of brush-drag over 

Pliolite primers also recurred. Application properties were substan-

tially identical to the previous individual plasticizer studies, 

b. Exposure Observations. As a group, this series of for=u 

lations demonstrated the iriroved durability that had previously been 

observed in coNpositions containing 1e per cent plasticizer. Dirt col. 

lectiOn and chalking followed very closely the perfarmaece of the oil-

base control ,systel in all cases. Integrity failures began to appear 

af!,er about two months' exposure. Actual performance data are shown in 

Figure 10, integrity of Two Coats of Pliolite Paints Containing Plasticiser 

Blends., on pace 42. The rating for integrity refers to thcreracking or 

flaking failures:, whichever is verse for any particular system at the - time . 

 a reading is made. In general, failures began with cracking which rapid. 

ly developed into flaking. As in previous work, the best of the experi-

mental systems was still inferior to oil-blase systems, and Pliolite 

paints over oil primers were better than two-coat Pliolite systems. Dis-

tinctions in performance among the various plasticizer systems were not 

clearly drawn. Modifications of Chlorowax leo and Santicizer B-16 with 

one-third tuns oil appeared to produce a slight improve:milt, while similar 

modification with Aroclor 1254 may have been slightly inferior to the 

other systems. However, these observations cannot be regarded ao conclu. 

sive, since differences in evaluations were very slight among this whole 

series of two-coat Pliolite systems. 

Paint-film failures on southern yellow pine always begin over the 

sumvxmaxxl portions of the panel. In the case of the Pliolite paints that 

have been studied, the film over the summerwood reaches an advanced stage 

of deterioration before the film over the epringvood begins to fail. In 

other words, evaluations are largely based on the performance of the 
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paint over the harder eummerwood. Thus t -la paint may shay gross failures 

over cummerwood and be rated very low, yet its durability over spring-

wood might be comparatively good. Now, while the performance of these 

paints specifically over the epringwood was not numerically rated, it 

was observed that after ten months' exposure the two-coat Pliolite systems 

modified, with tong oil (129-P and 1334) were in much better condition 

over the sprit wood than the other systems studied. For the purposes of 

the present work, this observation is not highly eignificant, since ad-

hesion over summerwood mat be attained if a satisfactory paint for 

southern yellow pine is to be achieved. Nevertheless, this observation 

may be useful In formulation work aimed at the development of Pliolite 

paints for use over substrates other than southern yellow.pine. 

4. 'Conclusions  

No significant improvement in the performance of plasticized. 

Pliolite paints on southern yellow pine, wee achieved by using blends of 

plasticizers in these paints. 

E. Reactive Piments—Vehicle Acidity 

1. introduction—Formulations  

The contributions of reactive pigments, notably basic car-

bonate white lead (BOWL) and zinc oxide (2410), to the durability of 

exterior oil-based house paints has long been recognized. It Is known 

that these basic pi‘ments form soaps with the fatty acids in the vehicle, 

and these soaps are believed to be largely responsible for the improved 

properties that are developed. Since Pliolite vehicles contain no fatty 

acids, there. is no opportenity for formation of reinforcing .metallic 

soaps with basic•pigments in such paints. Therefore, reactive pigments 
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should be expected to display no particular merits in Pliolite paints 

except insofar as their physical properties are helpful. On the other 

hand, if fatty acids were introduced into the Pliolite vehicle as an 

additive, the desirable soaps would be formed in the Pliolite paints 

containing reactive pigment° and the properties of these paints might' 

be improved. 

Pi-el/W.1=7 work with clear films indicated that small quantities of 

linseed fatty acids could be added to Pliolite vehicles without producing 

. incompatibility. Accordingly, it was decided to teat the theory. Six 

formulations were prepared for this work. They were designed around 

the Base Formulation  described in Section C. In all MUMS, the vehicle 

contained 40 per cent of Santicizer B-16. The composition of these 

paints is detailed in Table IX, REACTIVE FORMULATION3, on page 45. In 

the first Po= of these formulations, BCWL was substituted for ZnO on 

an equal volume basis, and vehicle acidity was adjusted to acid numbers 

of 0, 5, 10, and 15 with linseed fatty acids. The last two formulations 

Were returned to the original pigmentation with 240, and vehicle acidities 

of 0 and 10 acid numbers were used. 

2. Test Procedure  

The preparation of paints, panel design, and paint application 

was done exactly in accordance with the procedure described in Section C. 

The panels were placed on 45' -south vertical exposure on April 1, 1952. 

3. Teat Results 

a. Application Properties,  At the time of Application of the 

paints containing linseed. fatty acids, a "streaking' was noted along the 

inside walls of the paint cans above the liquid. level of the paint. This 



TABWE; Il 

ICEU:LtLATIOTi.5 

Forrulation Numbers 

138 139 140 141 -142 

Pigment (Total Weight Per Cent) 41.0 42.0 45.0 43.0 38.0 38.0 

Basic•Lead Carbonate 50:0 50.0 50.0 50.0 
Tltanox RA.NC 20.0 20,0 26.0 20.0 39.6' 39.6 

25.0 25.0 
30.0 30.0 30.0 30.0 35.4 35.4 

vehicle (Total tisight Per Cent) 59.0 58.0 55.0 '57.0 62.0 62.0 

Pliolite G.5 (30 Per Cent 
in .:;olvent) 	• 

79.9 78.4 77.5 76.6 80.5 79.1 

Senticizer 11.16 15.4 15.7 15.5 15.2 16.1 15.9 
Linscod Fatty tad 1.0 2.1 3.2 2.2 
Solvent 4.7 4.9 4.9 5.0 3.4 2.8 

Acid Number -- 5.0 , 10.0 15.0 -- 10.0 
Pounds eer 11.4 11.3 11.3 11.4 10.4 
Grind (N.3.5.) 	 ' 3.0 3.5 3.0 3.0 4.0 
Consistency (K.U.) 86.0 86.0 86.0 86.0 87.0 MAO 

.45. 
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effect euggeeted that pigment agglomeration may have odeurred. To check 

this, the grind vas measured and it was found to be 1 or less in each 

cane, although a minimum value of 3 had been obtained at the time of menu-

facture.. Despite this agglimmtration, the application properties of these 

paints did not appear to be affected .by this phenomenon. 

The use of BCWL in the pigmentation was observed to produce a dif-

ference in application properties. Lead appeared to impart.  a "stringiness" 

and iomewhat poorer brushing properties to the product. 

11.1tmlEtaf.;ervitions. The effects of reactilie.pignent and . 

acid number variations at six months' exposure are shown in Table X below. 

TABLE X 

. DIRT COLLECT/ON AND CHALKING OF REACTIVE SYSTEMS AT'SIXMOUTHS' EXPOSURE 

Lead Systep6-  Zincliptemm 

Acid Number O 5  10 15 0 10 

System Number 138 139 140 141 142 . 	143 

Dirt Collection 
2 Coats Pliolite , 4 4 4 4 ' 6 6 

• Oil Primes--Pl. T.C. 6 6 6 6 " 8 • 8 

Chalking 
2 Coats Pliolite 9 

- 	
8 7 

Oil Primer--Pl. 8 8 7 7 

The lead systems Show slightly greater dirt collection and lees chalking 

than the zinc systems. No significant relation between vehicle acidity 

and dirt collection or chalking tendencies le shown. 

Paint-film-integrity effect° are plotted for these systems in Figure 

11, Integrity of Reactive Systems from Zero to Six Months, on page 47. For 

two-coat paints the integrity of lead-containing systems was definitely 

-46- 
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better than zinceontaining systems. Acidity in the vehicle vas not 

helpful and actually appeared to be detrimental in the lead systems. 

Conclusions 

For the systems studied, paints based-on basic carbonate 

white lead were superior in weathering performance to paints based on 

zinc oxide. 

Additione of linseed fatty acids to thescsaystems did not improve 

perforsance. 

F. Antioxidants and Antacids 

1. Introductions-Formulations 

In order to retard any possible oxidative deterioration in 

Pliolite paints, antioxidants and antacids were studied as additives in 

the system. As in previous studies, the Base Forwslation plasticized 

. with 140 per cent Santicizer B-16 was used as the basis for this work. 

The antioxidants studied were Wingstay 8 (Goodyear) and Santis-or A 

(Monoanto). Diphos (National Lead) was invessigated 	an antacid. Fora- 

Ulation details are shown in Table XI, PLIOLITE PAINTS WITS =OXIDANTS 

AND ANTACIDS, on page 49. 

2. Test Procedure  

The preparation of paints, panel:design, and paint application 

was done exactly In accordance with the procedure described in Section C. 

Systess B154 and E155 were prepared by blending from the other rormula- 

tions. The panels were placed on,45. -south vortical exposure on April 25, 

l952. 

3. Test Results 

( 

a. Dispereion Properties.  It vas noted that the formulations 

prepared with Wingstay S (E144-1146) had a much shorter grinding time than 



TAPLE XI 

PLIOLITE PAINTS ANTIOXIDANTS AND ANTACIDS 

,••■■■■■•■•••••••••■••■•••■■•1,!■■■.MMIIIMINIMO 

Formulation 14unbers 

144  145 146 147 148 149 150 151 152 153 154 155 

Pigment (Total Weight 38.0 38.0 38.0 --- 38.o 38.o" 38.0 38.o 39.o 39.0 39.0 39.0 
Per Cent) 

Basic Lead Carbonate 
Iltanox RA-NC 39.6 39.6 39.6 39.6 39.6 39.6 39.6 37.9 36.7 34.8 37.2 37.2 
ZnO 25.o 25.0 25.o 25.0 25.0 25.0 25.0 24.5 23.9 22.6 23.8 23.8 
Diphos 2.6 5.1 9.9 5.0 5.0 
Mica 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.0 34.3 32.7 34.0 34.0 

Vehicle (Total Weight 62.0 62.0 62.0 -- 62.0 62.0 62.0 62.0 61.0 61.0 61.0 61A0 
Per Cent) 

Pliolite S-5 80.9 80.9 80.9 60.7 60.6 80.6 80.3 80.9 81.0 81.0 81.0 81.0 
Santicizer B-16 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.2 16.2 16.2 16.2 16.2 
Wingstay S 0.2 0.4 0.6 	 0.4 -- 
Santovar -- 0.2 0.4 0.8 	 0.4. 
Solvent 2.8 2.6 2.2 3.0 2.9 2.8 3.0 2.6 2.8 2.8 2.4 2.4 
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all oter paints studied. Furthermore, Momewhat less solvent vas  res-

gsired to obtain proper viccosity in this system. 

b. Application Pro2crties.  These formulations were substan-

tially identical in properties to the came formulation without the addi-

tiveu, e.•c.„ E142. 

c. Exposure Observations.  Dirt collection and chalking proper+ 

ties were unchanged, by the addition of antlexidants and the antacid. In-

tegrity, as a funition of expopure tire, is plotted in Figure 12, Anti-

oxidants in Pliolite Paints, on page 51, and in Figure 13, Diphos in 

Pliolite Paints, on pace 52. 

4. -Conclusions. ,  

It wan indicated that Wingstay S acts as a grinding aid in Mo. 

Zito -paints. Otherwise, no Mdolfying effects were observed, to occur by 

.inclusion of these additives. 

G. P.V.C. and PieFent Variations  

1. Introduction—Part.ulatione  

Previous work in Section B had indicated that clear sealers might 

be useful as pi-I:mere for Pliolite paints. It appeared to follow from this 

that lower•P.V.C. paints richt also have some merit. Accordingly, paints 

at 20 P.V.C. with zinc and with lead in the pigmentation were prepared. 

Along with this study, a formulation containing 10 per cent of water-

ground mica in the pigmentation at 30 P.Y.C. was included. The possibility 

of gaining a reinforcing effect from the Mica was vanteLvisted. Formula-

tion details are shown in Thblo XII, PLIOUTE PAINTS WITH P.V.C. AND P/0- 

MENT VARIATION3, on pace 53. 

2. Test ProecduTe  

The previously described procedure in Section C was followed in 

dtail. The panels were placed on 456 -south vertical exposure on JUne 30,102. 

-50- 
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Figure 12. Antioxidants in Pliolite Paints. 
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PiaTent (Total Weight Per Cent) 	38.0 

Bacic Carbonate White Lead 	-- 
Titanox BA-NC 	 39.6 
ZnO 	 25.0 
Mica

-- 244 * Oil, 	 35.4 

Vehicle (Total Weight Per Cent) 	(2.0 

Pllolite 8-5 	 79.5 
Santicizer D•16 	 15.9 

4 Zolvent 	 4.6 
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vow?. 2ca 

PLIOLITE PAINTS WITH P.V.C. AND PIGMENT VARIATIONS 

mormosalsearamos■■■•■••••■■•••may 

Formulation Numbers 

27.0 	37.0 	29.0 

.. 	•- 	50.0 
39.6 	30.0 	20.0 
25.0 	2140 
-- 	4.0 	. ... 

35.4 	34.0 	30.0 

73.0 	63.0 	71.0 

80.7 	79.8 	81.0 
16.1 	16.0 	15.6 
3.2 	4,2 	3.4 

20,0 	30.0 	20.0 P.V.C. 	 30.0 
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3. Test Results  

a. Application Properties. The variations studied here did 

not significantly affect .brushing properties. The lead formulation again 

displayed a slight "stringiness" in brushing. 

b. Exposure Observations. The variations studied bore did not 

significantly affect the chalking Properties of Pliolite paints. Slightly 

greater dirt collection occurred for paints at 80 M.O. (157 and 159), 

and, of these two paints, the one containing lead pigmentation (159) dis-

played the greaterrdirt collection. Definite checking was also observed 

to occur on these nano two paints at 20 P.V.O. The zinc-containing 

formulation 157 was the poorer in thito respect. Checking occurred only 

on two-coat Pliolite applications. It was not observed in the oil pricer-

Pliolite topcoat systems. 

The integrity pert Ormance of the syetems aver a six rontbse exposure 

period is presented in Figure 14, Integrity of Systems with P.V.C. and 

Pigmentation Variations, on page 33'. Distinctions in the performance of . 

these systems wore very slight. In the two-coat applications of Pliolite 

paints, the lead-containing system (157-P) demonstrated a slight superiority 

throughout the exposure period. Over the oil primer, distinctions in the 

performance of Pliolite topcoats were insignificant. 

4. Conclusions  

For the Pliolite paints studied, the following conclusions vere 

dream s 

a. Reduction of P.V.C. to 20 per cent does not in rove the 

performance of the paint on southern yellow pine. 

b. Inclusion of 10 per cent water.tmmindmica in the pigments. 

tion,of the Pliolite paint does not improve performance. 
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c. Substitution of WW1. for ZnO in the Pliolite paint at 

20 per cent P.V.C. improves the integrity Of the paint slightly. 

H. Study_of Clear Vchicle.1  

1. Introduction 

While the plasticizers that were evaluated were observed toh, 

 prenote adhesion and film integrity to Moms extent, it was believed 

possible that come other additive ray produce more siccing effects. 

Since it vas clearable to "screen" many Materials as rapidly us possible, 

and since the problem was believed to involve principally the design of 

the vehicle, evaluations vets made with unpiemeated films., 

2. Preparation Procedure  

A quantity of a 30 per cent Pliolito 6-5 solution in a 60 11:•1 

blend of TS2L% and mineral spirits was prepared as a stock solution. Por. 

tions of this stock solution wore mixed with plasticilers and additives 

according to the following general. formulas, Base Vehicle Nos. 1 and 2. 
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BASE VEHICLE NO. I 

Grams 

110PCrecntIl101ite Solution 	47 , 
Aroclor 1254 	 ' 	6 
Additive 	 4 

The following additives were evaluated in Base Ychicle No •  1: 

Expontlre No. 	Additive 
	

Supplier 

SF4 	30% Pliolite Solution (Control) 

Pentaiyn A 	. 

Abictic 4Acid' 
Piccolantie C•5 
Piccolaatie C-50 
Morpholine 
Tetructhylcne pcntamiLe 
MODocthanolarainc , 
PmpylcLe Diamlne 
Dicthylene Triamine , 
Dibutyl. Scbacate 
Piccolyte (65%S115 in Min, sp.) 
OleicAcid, 
Linneed Fatty Acids 
Potropon 2133 
Hut.,,1 Stearate 
SantAcizer 107 
Santicizer M.17 
Allyl Starch 
Silicone Benin 7H129 0 
Chlorowax 70 	

, 

(2 
2 
3 
3  

4 
 

4 

4 
(4 
(4 
(5? 
(3) 
6 
i6 

7/ 
5  
6  
a 
9 

p.0 

5F5 	Wood Rosin 	 1 
SF6 Abclyn 	 2 
13177 
SF6 	

Xidrolyn A 	 2 
Sta:itelite f3 	

1 

2 
SF) 
SF10 

SF15 

Sal 

SF14 

SF12 
$F13 

SF16 
SF17 
'alb 
SF19 
S120 

SF23 

SF21 
SF22 

S124 

SF26 
SZ27 
SF26 . 
SF25 

-5T- 
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BASE WEI= 110. 2 

30 Per Cent Pliolite Solution 
Principal Plasticizer 
Secondary Plasticizer 

Grams 

47 
6 
4 

The following plaatieisers or additives were evaluated in the wahine* 

tions indicated in Base Vehicle Do. 2. 

,..,..Pr..^a1
Plasticizer 

Santiciax I6 Eydrolyn A 
Secondary Plasticizer 	Supplier 

8;41 
• SF42 

sF4 

31'45 
s746 
a47 
2148 
sr49 
SF50 
6751 
SF52 

Santielzer B.-16 
Rydrolyn A 
Chlorawax 70 
Rosin 
Oleic Acid 
raker's P-10 • 

Linseed Patty Acids 
Staybelite Ester #3 
A11y1 Starch 
Abalyn 
TUna Oil 

1):9  
6 

Suppliers  

1 :Newport industries 
2 	Hercules Powder Co. 
3 	Pennsylvania Industrial Cheadeal Corp. 
4 	Carbide and Carbon 
5 	Comoreial Solvents COxp. 
6 	Areber-Daniels-Midland Co. 
7 	Awericun Mineral Spiritu Co. 
3 ' Monsanto Chen -Leal Company 
9 	General Mills, Inc. 
10 row Corning Corp, 
11 Diamond Alkali Corp, 
12 Baker Castor Oil Co. 
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3. Applications. 

The compositions were applied in two coats to one-foot 

lengths of No. 103 pattern southern yellow pine lumber and exposed 4)' 

south. The first series with Base Vehicle No. 1 vac exposed on Pcbru-

cry 29, 1952. The second series with Base Vehicle No. 2 was exposed on 

April 1,-1992. 

4. Obzervationo  

With few exceptions these clear films failed very rapidly. EX. 

posure results are recorded in Table XIII on page 60. Film failures were 

largely by disinteceation and erosion. While the integrity of C 29, 

plasticized. with Santicizer B-16 alone, wee good at two months' exposure, 

the film vas still very soft and had collected a great deal of dirt. 

5. Conclusions  

None of the additives stuaiedvere found to merit further in-

vestigation in pigmented systems. The superior contribution of Santicizer 

B-16 to the integrity of Pliolite vehicles'vas confirmed. Of the secondary 

additives studied, only tuns oil in combination with Santicizer B-16 (SA) 

approached the performance of Santicizer B-16 alone. 

I. Maleic-TreatedPliolite 8-5 

1. Introduction  

. It has been indicated that lack of adhesion is one of the prin-

cipal problems to be overcome in attempting to formulate suitable exterior 

house paints with Pliolitc 5-5 for application to wood exteriors. Ad. 

hesion of polymer° to various sUbatrates is believed to be influenced by 

the degree of polarity of the polymer molecule. Sins° Pliolite 8f5 is 

a polymer with very slit,tt polarity, it was thought that the introduction 

-59- 



• 

Mal Report, Project Bo. 167-111  

• TAELE flU 

CLEAR F1114 E3CPCCIIIE RESULTS 

Exnosure 
arbor 

Integrity 
One Month 

Integrity 
'into Malths 

Expocure 
!lumber 

Integrity 
One Month 

Integrity 
Tvo Months 

CF4 5 0 OF29 10 10 

SF5 5 0 SF30 3.0 0 

SF6 5 3. 031 8 0 

CF7 	. 8 6 SF32 8 0 

'F8 6 3 SF33 8 7 
SF9 5 0 5F34 10 7 
SF10 2 0 81'35 10 5. 

SF11. 5 r 0 SF36 10 5 

SFI2 6 0 SF37 10 0 

SF13 6 0 sF38 6 o 
sF3.4 3 0 sF39 0 • o 
cri.5 3 0 sF4o .8 9 
oF16 2 0 mita 10 0 

SF17 1 0 CiF142 3. 0 

SF13 ,4 o ' g43 3. 0 
cF3.9 5 o sF44 a o 
SE20 • 9 5 SF45 2 o 
sF21 5 ,0 c16 1 0 
SF22 5 0 SF47 1 0 
sr23 4 0 SAO 1 0 

E.F24 8 4 eF49 1 0 

SF25 5 o SF50 1 0 
cp26 6 0 SF51 1 o 
s127 2 0 SF52 2 0 

ar28 8 4 
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of some material into the molecule to increase polarity right produce a 

product with improved adhesion properties. It is known that a small 

amount of maleic anhydride is used in the preparation of Vinylite V= to 

promote adhesion of the pelyLer.. It was thought that a similar treatment 

might lie effective with Pliolite S-5. While maleic anhydride will react 

most readily at conjugated double bonds in a molecule to form an adduct, 

it is also capable of reacting with isolated double bonds at higher.tempera. 

tunes, and it is under these conditions that it was believed a reaction with 

Pliolite G-5 might be achieved. 

2. Prep '.ration Procedure 

The reaction was carried out. in a 2000-m1. glass resin kettle 

equipped with an automatic stirrer, a reflux'condenser, and a thermometer. 

The kettle was heated with an electric heating mantle. It was believed 

to be desirable to carry out the reaction in the presence of a liquid 

plasticizer in order to provide a liquid medium-at the beginning of the 

heat and to reduce the viscosity of the masa so that better mixing would 

be obtained during the reaction period and a liquid produce would result. 

The kettle was charged as follows, 

Gretna 

Pliolite S-5,. milled 	294 
?4aleic Anhydride 	6 
Santicizer B-16 	200 

54j 

The contents were boated according to the following schedule: 

Time (minutes) 	0 	30 	60 	604 

Temperature ("c) 26 	160 	• 230 	240 max. 
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At the end of a ono-hour heating period the kettle was cut off and 

e. owed to cool to room tetTeraturo. The resulting a:ber-colored resin 

was poured into a glass jar and capped, The yield. vas 462 grams. 

3. Properties of the Resin  

la. Color. The resin was diluted with aromatic solvent and 

its color'determined as follows: 

	

Gran 	Per Cent 

	

Naleic Resin 	.462 
4 

	

shell TS20R. 	/21 

	

657 	no 

Gardner Color As 6 	• 

b. Acid Nuriber. Two typee of acid number determinations were 

made, The first was a conventional typo of dcterrtnation, and the second 

was a vater-extraction procedure designed to indicate the amount of ex,- 

tractable unreacted maleic acid remaining in the final resin, 

Duplicate acid number determinatione were made on the maleic resin 

using the procedure of JL5TM D 555-47 Para6raph 5 with the following results: 

Ave, Acid Number mi 13•9 

Duplicate determinations of ilwater-extractablWornfrec" acid number 

were made as.follows: 

Free-Acid -Number Procedure 

I Accurately velet .,"5=10'g'of eample into 300 ml flask, 
2 Add 50 ul benzene, and dissolve sample corpletely. 

	

3 Add 103 U water, and shake 3 minutes. 	. 	. 
(4 Add 10 ml ethyl alcohol, and separate water phase into 

	

another flaak, 	 . 
(5) Add 50 ml of water to benzene phase, shake 3 minutes 

and separate phasea adding the water phase to the 
previously separated water phaso-of step (4). 

W Repeat step (5). . 
) Titrate the combined water phases as in ASTIM D 555-47• 
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Average Free Acid Number • 3.1 

The theoretical total acid.nuMbcr of the maleic resin is calculated 

as follows: 

wt. maleic anhydride„equiv. vt. KOH  
Theo. Acid No. . . 	 - wt. total saavle • X equiv. wt. C.A.1 

6.o 	.1 x woo 

)( 1000 

a 13 07 

The caleic anhydride vas assumed to be 100 per cent pure. The manufacturer 

(Carbide and Carbon) specifics a minimum purity of 99 per cent. 

The purpose of these acid number determinations vas twofold: (1) to 

ascertain the paint fOrmulation limitations of the resin and (2) to obtain 

an indication of the amount of naleic anhydride that had embined in the 

reaction. The acid nualiber of the resin vas very high if the resin were to 

be used in fOrmmlations of the type that have been studied previously in 

this work. Considerable reactivity with either lead or zinc pigmentation& 

would be expected. The determination of Free Acid.Number at 3.1 is in-

terpreted to indicate that a considerable part Of the maleic anhydride in 

the original mixture had reac ted with the resin =dyes thus bound so that 
it would not be extracted by water. Further work aimed at characterization 

of the resin vas not attempted, since such studiee were not regarded as 

being within the scope of the present work. 

-63 • 
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• e, Paint Fbrrulation Properties. Two types of paints were 

prepared from the maleic resin according to the for4l ►tiona shown belows 

Formulations with maleic resin: 

• La 	 F-64 

PIM= (Per Cent of Paint) • 27.4 34.0 

Rutile TIO .  3946 40.6 2 Zn0 25.0 
M. Sil. . 35,4 51.4 

VEHICLE (Per Cent of Paint) 72.6 66.0 

. 	Mhleic Resin (54% solids) 47.2 70,4 
Mineral 3piritu 13.1 20.0 
Added Solvent (60 x41) 40.7 9.6 	' 

Yield (g) 	, 424 
Grind (N3S) 3.0 
P.V.C. (0 30  30 

•Tbee paints were prepared by pebble milling for about 16 hours. 

The Added Solvent vas introduced at the end of the grinding period. 

Flormulation F-63 gelled in the mill during the grinding period. The ex-

CCWid70 solvent shown in the fOrnulation vas used in en effort to dissolve 

the gel. Thin effort vas unsuccessful, and the paint was completely urs 

usable. Fbrmulation F-64 wru prepared successfully; however, after several 

days' storage in a paint can, it also gelled and vas unusable. 
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4. Conclusions . 

A. mixture of Pliolite 8-3, Santielser13-16, and malele anhydride 

may be reacted to form a viscous liquid product having a satisfactory color. 

The acid number of this product is approximately equivalent to tle acid in 

the added releic anhydride« As prepared in thie work, the reactivity of 

the =tele rosin was too great to make the product useful as the primary 

vehicle in paints of the type studied here. 
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IV. FIN/IL CONCLUSIOUS 

1. The durability of oil-based exterior house paints has not been 

equaled or approached with formulations based on Pliolite 8-5. 

2. Weqtheromter studies were found to be unsatWactory fOr Plio. 

lite paint Irlluation. 

3. The durability of Pliolite 8-5 forulatione is enhanced by the 

addition of plasticizers; 40 per cent of Br nAiciLer B-16 in the nonvola. 

tile vehicle repre4ents the best composition that vas studied. 

4. P.v.c.ts of "20 .te p'per cent,yield the best perforance for 

Pliolite paints on exterior wood. 

5. In the.formulations studied, the replacement of ZnO With Bela 

on a volt= basis vas foLnd to produce a slightly more , durable paint film. 

6. The addition of fatty acids to the vehicle of the Pliolite paints 

studied vas not beneficial. 

7. Antioxidants and antacids were ineffective with respect to dura-

bility. WingstayS was observed to act as a grinding aid. 

8. Study" of a variety of vehicle additives in clear plasticized 

Pliolite 3-5 films did not indicate utility for any additive except pos-

' sibly tune Oil. n pig' ented sy43tems, the tuns oil additive vaa shown 

to enhance adhesion over spring.voodialthough it did not improve general 

performance. 

9. Maleic-treated Pliolite 3-5 vas unsuccessful as a paint vehielej 

the pigented system gelled. This vas presumed to be caused by the high 

acidity of the vehicle. 
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V. RLCOMMENDATICNS 

1. Further fernlqtion Audies of the t ne eend,cted in this work 

with Pilo/Ito 5-5 vre not recom ended, exec :2f possibly for special work, 

.with additives that '7.ny be exnected to have articulnr merit. 

Based on the results of this study, it would appear that the proper-

ties of Pliolite S-5 arc not well suited for application as a vehicle in 

exterior pint for wood. none of the additives or plasticizere studied 

va4 found to be capable of . modifying the properties of the Pliolite suf-

ficiently to produce the required characteristica of adhealon, film flexi-

bility„ and strength. Another eerious limitation its in the fact that 

Pliolite paints are essentially lacquer-type systens. Because of the high 

volatile content that must be carried by a Pliolite paint at 30 per cent 

P.V.C., when this paint is applied at a reasonable wet-film thicknesa, only 

about one-half of the dry-film thicknese of a compr.rabie oil paint of simi-

lar P.V.C. and wet-film thicknous can be attained. On a film-thickness 

bass a, this would roan that s Pliolite paint should be capable of out-

performing an oil-base paint two to ore if it is to be capable of competing 

with the conventional product. At this time it does not appear likely that 2' 

such perfOrisnnee Will be nehiCved. 

2. A more eo-plete study of the maleic treatTent of Pliolite 8-5  

recovendsd. 

The studies of maleic treatment conducted in this work were limited , 

to a single experimental run and were therefore very inconclusive. never-

theless, it was very definitely indicated that vehiele-picment reactivity 

could be achieved by this meana, and additional studies using lower maleic 

concentrations might develop modifications of Pliolite 8-5 having superior 

properties. This product might have applications in exterior house paints, 
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but would by no meare be confined to this field. The characteristics of 

such a resin should include better adhe.Aon'becaure of the polarity of 

the molecule and stronger filn:s because of the film reinforcing effect 

resultir. from piggent-vehicle reactivity. 

Respectfully stbnittedi 

Raymond Tuoke, Jr. V 
Beiearch Engineer 

Annroved: 

F.t. et111. Co:,.-  AatiL.itant Director (Resear -ch) 

1.11-laincerinc, ExperiLent Station 
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