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I, SUMARY

An experimental investigation wns made of the use of Pliolite £-5 as
the primery vehicle-constituent in exterior house paints for application
over wood. Evaluations were made by exterior 45°-south exposure of modified
Pliolite-base paints applied over southern yellow pine, In the variations
studied, the Pliolite 8-5 vehicle was nixed with guch modifying agents aa
Pliolite S-7, plasticizers and plasticizer blends, reactive and nonreactive °
pigments, asntioxidents and entacids. Also studied were the effects of FVC
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 leve
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 sagding occurred with ecoating thicknesses greater than
one mil, None of the experimental Pliolite systems evaluated approached the
quality of a good oil paint. Fallures generally were due to peeling and
fleking, indicating a need for increased extensibility and better adhesion,
The major portion of this investigation was aimed to improve these properties.

N

‘PVC has considerable effect upon Pliolite paint duradbility. For the
formulation studied, best performsnce was.obtalned at approximately 30 per
cent PVC with 40 per cent plesticizer in the nonvolatile vehicle.

Vehicles containing Santicizer B-16 (butyl phthalyl butyl glyeolate)
performed slightly better than those containing the other plasticizers
which were investigated. Plasticizers generally tended to lmprove flaking
but not enough to make Pliolite paint comparable to oil paints. Mest-in-
proveuent «ae obtalnad by wusing Pitviitte-S-7-4s a nonvolstlle plasidedzar.

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

Among tha‘ materials 1nve§tiga£ed 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 g8 small amount of tung oil in the Pliolite vehicle
contributed to better adhesion over the spring growth of the southern yele
low pine but not over the sunmer growth, Consequently, ite use did not

~ A single attempt to increase the adhesion of Pliolite 8-5 vehicle to
wood. by modifying the 8-5 with maleiec anhydride was unsuccessful beceuss
the modified resin jelled when it was pigmented. This approach, however,
appears to have some merit end perhape should be investigated further. ‘

A general correlation between sure performance of Pliolite paints

in a veatherometer and exposure on a 5% outdoor fence could not be made,
There is evidence of good correlation with regerd to chalking only,

.1-\'
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11, J.NTRODUCTION

The ready acceptanse that Plioli% Se5 hus achieved in the paint ine
dustry for epplications es floor ennmia, rachinery ensmels, cement and
stucco paints, asphelt shingle paints, road markmg paints, etce, provided
sn excellent incentive to further broaden the base of appliestions in the -
‘paint industry into the ficld of exterior house painta for appiioat.ion to

wode Resoarch on this subjact wos initlated at the Geor;la Tech Englnocre

\ ing Exparimant Station by the Chendeal Prgducta bevaiomenb Didsion of the
Goodyesy Tire andfﬁ;@-&ror’c:qmny. |

The original plan of inwatigat ion on thls pro;ran wsg cutlined in
_ & letter of Novenber 2, 1950, from lire Fred We Cox to lire Me Je DaFrance

of Jocdyears In a gocond lotter, dated June 8, 15%1, tho pro;ram wag

medifiod, based on !imlings to that date, Jiubject to necessary restrictions

vi.n the gcops of t.he work anl to moillications necessitated bty current
findings, the exporimental work 2 out.lim‘d in 'thc‘ TAELE OF CONTSNTS of
this report is in cqnxpliancé with the aubmitt.ad'md‘ spproved plan of in-l
‘ watigation. o ‘

The su3. esticna Aizd.' guidance of Hoasrs, We Ae Abeméthy and Joe O¥Neil
of Géodybar are gratefully scknowledged,
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ITI. "EXPERINENTAL WORK

A. Proliminary Studles
le Solvency |
*’caauremant of t.ho Ksuri=lutansl valuss of tha aol.mt.a that were
comldamd for vae in these studies vay undertcken to insure that nmquate
sclvency wos maintained in all formulations, Leterminations wore made with
Standardized Xeurdeiutano) Solution obtained from fmerican Lum Irporters
Laboratoriea, Inc,

Fouri«Sutanol Valuss

.Bomam - 123
" Toluens L ony
Xylanse | | 103
Shell TS28R e e
Turpentine = . ' 2P
- Mineral Spirits | 38

T!nis i.nxomaticn vas vsed in the desizn of all solvent mixtures
80 that a mi.nmm !muri-ﬁutnnol value of 60 would be obtained,
2. Prenaration of Miolite Solutions

Solut.l.'.na of Pliclite ‘;-5 vore praparod by milling tie nsin with
‘solvont in » pobile mill, unin;,: on];y & fev pebtlea to agoist in aixing,
Tho raximua practical voﬁcim concentration vas found to be SO par cont
Fliolite S~5 in xylenes This solution had a viscosity of 25, Fliolite
5=7=30, o5 recelved, had a viocosity of ZL-25,
3s TFilm Proporties | | A' _

: To ovaluste £ilm hardnen of Pltoluo matorials comamd to that
of ccnvontionnl oil pdmta and to odbtain an 1ndicut.ion of drying time and

3=
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solvent retention properties, a study of hardnexs as meosured Ly the Oward
Rocker vus underteken, Films of clear Pliolite 5-5 and 5-7 in several -

corbinaticne were propored. Tvo pigmented Pliolite paints Gesignated N0
(vhite ensmnl) and 5-308-100 (coment and stuceo) were 8lso included, Finally,

an oil paint, 1700 E (temporary housing opecificstion), wvas used for coue
parison, Films of these saterisls vere cast on olean plate glass vith a
Daker Filn Applicator set ﬁt S mils, Wet-filn thickness vus checked wiﬁh
en Interchemlical Cage, The hardness of the cast films wos checked at 1, B
ard 7 doys' &rying in the laboratory, The clarity of the wnpiguented filme
vas also noted. | |

The results of the etudies are ohown in Teble X below, The first five
sazples ore the unpignented Pliolite domposnionm prepared from xylene solu-
tions of Pliclite 8-5 and §-7 at 23 por eent solids, Thece vere blended to-
gether to produce the verles of compositions vhicﬁ are designated in the
folloving table in terms of per cent Pliclite 8.5 content.

« TABLE X

FILM BARDRESS
' - (Measured by Sward Rocker)

o

. o
=~ - oo

M 1in ma L 1074 8-8 T5%5 8.8 gqﬁ' 3-8 é*g;g 8-S 0% 8-% N-491 £.108-100 17005'

Jet-Film Thickness (mils) 3.1 3.0 3.1 2.8 3.4 3% 5.0 3.0
rying Time (days)s ' |
| | I 26 e 1B 1 W

TS T o 0
b » 26 22 22 18 12 12 o

B 3 30 gh v g2 16 26 18 e

11 Clarity ce CHe® =X c c o 0 ‘0

E ' : . RSN "

~ C w glear _

**SH « slight bage

hes - .

3

0 = opague
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Since dry-film thickness was not controlled, the results Justify
only qualitetive evaluation. The folloving points ere believed to be
significants e

l. Pliolite coupositions, even wvhen modified and pigmented, dry much
barder and nore rapidly than an oilepaint eompouition as tected up to seven
days drying in the laboratory, |

2. Plioclite S.5, ummodified, produces s hard and comparatively brittle
£1ln, while Pliolite 85-7 produces & plisble but tougher film, Blends of the
tvo zaterials have intermediate bardness properties,

3. The slight baziness of blends of 50 per cent and 75 per cent Pliolite
8-5 and 5-7 indicates some incomputibility in this ronge,

B. Zxposure Studiez--Blends of 8.5 and 8.7

1, Plan of Investication..-Formulations

This work vas initially planned to evaluate the effeats of P.V.C.
and of & vehicle variation in o series of 16 Pliclite painta, The forsula-
tions of these 16 paints, together vith seven others sdded later, are shown
in Table IX, COMPOSITION AND PROPERTIES OF PLICLITE FORMULATIONS, on page 6,
The first 16 ﬁaintu vere formulated vith T10,--magaesive uncntc_pimnt;m
tion 2t 30, 40, S0 and 60 P,¥,C. in vehicles composed solaly of blends of
Pliolite 3-5 ard S.7 solutions in ombinatlions containing 15.8, 35, 70, end
100 per cent Pliolite S.T in the nonvolatile vohicle, It wvas believed that
from this ceries of paints optimum ranges of P.V,C, and Pliolite-blend ratios
right be dlscovered,

later, after cpnrcrrina vith Mx, Joe O'Reid of Qoodyear, it was decided
to include seversl additional formulstions in this study, Numbers 17 and

18 are clear unpigzented Pliolite volutions which vere proposed for use as

. sealers under both one and two coats of Pliolite and 0fl-base paints,

~5-
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TARR IX
COMPOSITION AMD PROFERTIES (F PLIOLITX POBMILATIONS

Pormlation Nunbere
A 2 3 & 5 6 2 & 9 29 1 22 A3 W 25 ¥ 27 & 39 2 A 2 .2
Pigneot (Total Weight Per Cext)  27.0 34k 4l 476 2.7 310 7.8 455 20.0 27.5 33.8 404 185 245 30.0 37.6 Clesr 303

Titanax A-M0 38.4 38,4 386 38.4 384 384 8.4 384 384 38.4 384 384 384, 38.4 384 384  Solutions  38.4
Nagnesium filicate 6l.6 616 616 616 616 Gl 616 616 6l 616 616 616 Glb QA6 66 Q.6 6.6

Clear Solutions

Vehicle (Total Weight Per Cent) O 65.6 586 524 763 69.0 62,2 55.-5 80.0 T2.5 66.2 59.6 €15 75.5 70.0 62.4 100,0 100,0 69.7 100,0 100,0 100,0 100,0 .

Flioclite 3-5, 50 Per Cent &7.4 &3.2 38.8 33,3 30,8 28,9 258 23.6 1N, 5 N1 10,0 8.9 -_— -— -_— -_— 25.0 = 12.7 50.0 37.5 125 —
Pliolite 3-5-30 W7 134 123 104 270 25.0 2.6 20.8 K35 k2.2 I8 3.7 56 517 K53 k2.8 Al6 1000 483 — 20.8 62.4 B4
13-28- (Solvent) -— - —_ -— -— -— -— -— - -— -— -— - -— -— - - - 293 - - - -
Iylane 9.5 13.4 181 23 7.9 .5 15 1.2 [ 9.7 13.0 17.4 2,9 25 120 170 3NAs — - 50,0 &1.7 25.1 5.6
Mineral Spirite 284 30,0 31.0 33.0 3.2 346 391 384 386 37.0 39.2 &0 40T  A5.8  42.7 k0.2 Ll -— 9.7 - - - -
Por Cant 3-7 in Noowvalatils 15.86 158 15.8 15.8 350 35.0 35.0 350 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
Vahicls
P.Y.LC. 30.0 40.0 50.0 60.0 30.0 40.0 50,0 60.0 30.0 40.0 50.0 €0.0 30.0 40,0 50.0 60.0 L - -_— 40,0 — -— -— -—
Founds per Gallan . 8.9 9.6 103 1,0 8.8 9.2 9.8 10,6 8.4 9.0 9.5 10,2 8.2 8.6 9.2 99 - - 9.1 -— -— el d
Consistency (K. U.). 8.0 £7.0 83,0 850 8.0 88,0 80,0 £1.0 £5.0 8.0 850 830 8.0 860 B840 88,0 -— - 890 — - - -
‘Grina (w.8.8.) 3.0 2,5 2,5 2.5 3.0 3.5 3.5 2,5 3.0 25 30 2,0 2.5 3.0 2.5 20 == -— 3.0 - - -— -—

Total Sclids (Weight Per Cent) ATh 531 5346 59.3  Ah.B  A8.2  Slbh 55,5 36,8 A3e2  A9.h 52,2 318 36,9 Ale2 bk - —_ h2 - —_— - -
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Tumder 19 15 a pigrented formulation 4n which the mctive solvent is Shell

TS2(R in place of xylene, It was thought that the slower eveporating

aromatic solvent would retain solvepsy better during the arying pdriod

and thus produce a better £ilm, Finelly, Rumbers 20, 21, 22 and 23 vere

) 1nc'l.udcd to gonplets the 8-T- and S-$-blend ratios In cleor solutions,

0il-bana paints vere 'prepared as controls and for use in corbined

| systens ms prinmer or topeoat..’ The oil primer, P1, is a TT-P-25-type tormu-f

1ntion while the oi) topoost, T, is & TI-P-L0, Type I, Class A forzulaticne
The plan for exposure evaluation of paint systems involved both westher-

oreter atudles and exterior 45°-south exposures of identical systems, Thio

procedure was designed to dotermine the utility of the veathexoveter for

sccelerated testing oo.‘ this type of paint system, Tho first 16 patuts asd

Formulation Ho. 19 were studied both as 8 two-coat self-primed syctem and

as a8 primer vith an oll-base Wz. The clear 'saluﬂons wvere studled as.

privers in two types oi' threg-coat systems, the first with two coats of

Fliolite paint, and the second vith two coats of oil-bage paint. The re-

sulte of mtmometer and exterior e@oawes were recorded and correlated,

§

2, VYeatheroroter Studics ‘ -

8, Premnrstion of Panels. It was pecassary to linmit the si:e
of woatherometer panels to the practiesl meximm of $° x 9-1/2", The non-
uniformity of southern yellow pine wounld be nost objectionable for pancls
of this cilze; therefore, white pine pancls were used for thie work, All
palnt filrxs vere applied by brushing. The welght of psint applied to the
panel wag controlled carefully t0 obtain a quantity calculated to produce
a8 dry-filin thickneass of 2 milo for each coat,
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be ' Paint Systans Rxpooad, It was furthor necessary to ‘llmit
the nunber of pahnia exposad in the ‘weathoromster to a total of 2l panols
which oocupled all tho availebla -spacey The 2L palnt systems exposed
ware cnm_tully aslected to provide the maxirmm of information from e
restricted muber of panelss This will explain the obvicus omissions in
the series of wat’hermeter exposuress Thre aoceiax;ated weathering racliine
used was the liational X1A Weathorcmetar operating in sccordance with AJS.TeY.
Specificotion D322-L6T, The paintod pansls wore examined carefully before
being placed in the weatheromster, After avery 20 hours of westhering, the
paints wero oxanined gummarily, end after each 1CO houfa the panals were .
| romoved frem the machine ond detailod evaluatlons were recorded, "X‘at{:lo 111
sliows the paint syastems that wers exposed and ﬂm;xf initisl appearance
propertien, A -

oy Discussion of Resilts, . Attention 18 first directed to the

Inltial Avpenrance proportics of the systess recorded in Table IIl, It
w1l be noted that gloss docreases progressively with inerecsing PeVeCe
ard that nono of the Pliolite paints are ss glosay i..nitial]_.y e the o1 -
painte, Leveling wes excellsnt for all the \Pliolitq painta but only fair |
for the oi.}. peinte It was aloo noted that wet 'odgo and Lrush pull were
not entirely satisfactory in tho case of the Pliolite peints, Irush pull
on applicstion of & second coat of Fliolite paint was a najor difficulty,
Attampts to paint over oll primers with Pliclite topcoata. were asbsndoned
bocause of the solubillsing efi‘e-ota’or the sclvents in the ?liolite palnt
on the dried ollepaint film, 1i.a., bliawra vare observed in the filn
within a fow ninutes after a;plication of the Ifuolito opeoaty

wfe
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TABLE XII

WEATHEROMETER SYSTEMS

- Second® . Third"

System . Primer® Cont Coat
Rumber Yumber Humber " ¥umber
151 2 2

w2 5 5

wa 6 - 6

W T T

w5 '8 8

LG S 9

W 10 U

w3 11 11

L§2) 12 12

W0 1 1

W1l 1 X

W12 15 15

W13 16 16

Wls b & 110 10
W15 Bl 10 10
W16 17 10

V17 17 T2 7
WG 18 T TL
W15 2 T

wan bl T2 i

Wel 6 T

w2 g TL

w2 T

e Pl T

Initial Apnesrance

Maderate

{Ilons Ieveling
Yery slight ¥xcellent
Blight Excellent
Very glight Excollent
Flat Excellent
Flat Excellent

- Slight Excelleont
Very slight Exeollent
Fat Excellent
Flat Excellent
8light Execllent,

. Very slight Exeellent
Flat Excellent
Flat : Exccllent
Very slight Excellent
Very silight Excellent
Very slight Excellcut
Moderate Fulr
Modarate Failr
Modorute Falr -

© Moderate Fair

Moderate Pair
Moderate Foir
Vory slight Faixr

Falr

»
All coats applied ot approximataly 2 rdl dry film thickness,
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\

Whila & coinplete; record of the perforpmance of eagh panel van zaine
tained ag the test progressed, the couplete prosézntstion of all of thia
data would be cuperfluous. It 1s sufficient to sinply indicats the tize
vhen verious fallures begln to occur.

" In general, for all-Pliollte systemat

Chalkinz bogan at abodt 100 hours, bBecaxe heavy at £00 hours,

‘Cracking began st about 200 hours, becamo warked at 400 howrs,

Cheching oceuwrred on 30 and 40 P.V.C, Pllolite formulations only,
beginning at 100 hours and m‘ogfcaains w t0 300 hours.

Peeling, when 41t occurred, began at 100 hours and yrogressed unde
forudy. |

Color rosghed maxizmem fepth at 100 howrs, then improved as ohalking
progressed, | -

For oll~topecated systemes
Chaluing began at 300 hours, had progressed only slightly at hoo

hours.

-

&

Craching, where it ccourred, mgxcéaed gradually trom 200 to hoo
houre. |

~ Checliing @1& not cscur,,

Peeling, when it ocourred, began &t 100 hours and progressed unle

Ll

forrly.

Color Gevelopment was nob apprecisble,

To clarify the presentation of final results, Table IV, WEATHEROMETER
SYSTIM TYPES, page 1), deseribes esch system in terns of the main wariables
involved with the systems grouped in logical order. Figoe 1, Final Weath-
eroccter Exposure Results, page 12, is a graphical presentation of results

10+
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TABLE IV

WFA T:.FROVETER SYSTEM TYES

e

i

System Primer fecond Coat : System Primer Secord Coat Third Coat

Runber £ 5-7 S PVC £S5-7 LPC Third Coat® Turber %57 ZPVC $5-7 LPVC £5-7 £ PVC

%1 16 o T - F-li  Clewr Plic- 70 kO ko

- . lte £ 17

¥=2 35 30 35 30 — ¥-15 . Clear Plio- Y Lo 70 Lo

¥3 35 K 35 W — L Mweds -

B4 33 S0 33 9 - %-16 Clear Plio- 70 lp - -

s % oe % @ - ECIE R

¥-6 P 2 T » - ¥-17  Clear Pilo-  Oil Base 01 Base

-7 0 W 0 Lo = E-18 - Cii:: 5112— 0il Base 011 Pase

Y8 70 9D 7 SO -— ‘1ite 518 '

e 0 6 © & - 319 16 L0 Oil Base -

¥-10 100 30 0 3 - =20 . 35 30 - 01l pase -

B-11 100 o 100 - C E=21 35 0 01l Bsse -

¥-12 100 - 50 100 50 - w22 35 %0 01l pase -

¥13 100 6 10 60 - ¥-23 35 60  O0il Bese = —
W2y Gil Base 0il Fase -

TTT=LyT *ol r09tox] fyJc09y Twuld
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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, thece evaluations and all
6valuationa throughout this program wore obtalned using the Exposure
Standards MYanual of the Federation of Paint and Varpish Production Clubs

vith mumerieal unitz of 0-10 for ratiﬁaa. These units conprise the ordi-
nate for each system on the graph, while on the sbsclssa the types of film
fallures are indicated. A "profile” rather than e dar mpﬁ vas used for
clrplicity. The couparstive performance of the ocystews will be scen to
stand out clearly in this presentation., Figue 2, Westheroweter Panels
After 402,11 Hours!' Wsm, page 14, 13 & photograph of the panels after
corpletion ¢of the teats.

d., WHeatheroneter 'ré..t Observations and Conclusions, Ae/pre-

.vio .sly noted, becauge of space limitations, the series of P'Liolit«o paints

contoining 16 per cent .:-7 in the nonvolntne vehicle wvma exposed at 40
per cent P.VeCo only, Likewlse, tho m'in.er-topcoat vu.riations (LY
through 123) were condensed in seopes Fron exantnation of the recults,
however, it may be concluded that a more mténuivé invc_aaﬂanuon of the.
type of formiations here ctudied vould not bave been vorthwhile. S1gs
mf:lcnnt observations are sumarized as follovss

(1) The u-bane control systen (weu) vas superior to all of the
Pliglite ayutem etudied,

(2) A three-coat system (W17) involving & clear Pliolite prizer
followed by tvo coats of oil-base topcoat paint vas almnt
equivalent in performance to the control systen,

(3) Awong the all-Pliolite systexs, W1 (16 per cent 8-T, &4 per cent |
8.5, 40 per cent P.V.C.) and W12 (100 per cent 8.7, 50 per cent =
P.V.Ce ) vere cutstanding in perfarmance,

W

-13-
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Figure 2. Weatherometer Panels After 402,1 Hours' Exposure.

-14-
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(L) A periodicity of film i)mpertiea of an-l’liolitn"aym vas Obe
served for tho throe saries of four systems each (W2 through ¥13).
In goneral, S0 por cent F,VeCe oo:rxpositio‘na wcro.suporior for
Pliclite peints, and 100 per cent S<7 vehicles were superior ﬁt
all P.VeCe'n, | ]

{5) “ Pllolite baint failures were primarily chocking and eracmg;

hovevear, ;:hnu:ing vas oxcessive in all casos.

(6) A Pliolite paints retainad satiafactory whiteness on ire

radiated arvas but yollowed to various degrees on protected
‘pm?el Breas, Thia ¥ollovness 1horaasod with increasing P.V.Ce
and iliolite S«7 and was most pronounced at 100 per cent 5«7,
€0 per cent P,V.Ce , ‘

While no. attempt was nada to evaluato achesion quantitauwl}/, somo
si;nificant obsemtiong were made re;aniing this propertye. Adhosion of
the all-Pllblite systens was conslderably imroved at low PeVeCs's,'
Furthormore, adhesion of the systens involving a clear Pliolite primer
with a plgmonted Pllolite topco&t. (k, W15, W16) was excollent, Ths sama
excollent adhesion was cbtalned from clear Fliolite primora topcoated wit;}l‘
o1l painte In contrast to this observation, the plgmented Pliclite priners
topeoated with ofl paint (W19 throush W23) and tho pigmented all-Pliolite
systens, particularly those with high P.v|.¢. 's,were notlceably inferior in
acheslon. ' | |

Lased on these 6bsex~vatlona, the following general éonclusipna vore .

:drawri. '

(1) Tho fallures of weatheronoteor-exposed syatems by checking, cracke

ing and posling indicate that improved pornanont distensibility

w15
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and adhesion is requirﬁd to produce paints equivalent to good
o1l paints for npplicc.t;on to exterior wood. ,
(2) Adhesion of Pliolite paints t0 wood may be improved by using
a ¢lear Pliolite primer or possibly a very low-P,V,C, primer,
(3) Excessive chalking qharacteristicn vere not shown 10 be related '
© to PJV.C. or Pliolite type. o
3. _Exterior 4s° -South.Ezpoéures

a, Preparation of Panecls, Panels were asgexbled from three-foot .

~ lezgths of No. 105 pottern southern yellow pine lumber, kiln dried, Three
paint a:}ntema each one foot wide were opplied to each boards On all doards,
the leftnost system vas the P1-T1 oil-paint type, vhile tho other two
. systems were experizental types, As in the case of tho weathercueter panels,
al) paints were epplied in wveighed quantities caleﬁlated to produce a darye-
t‘ilm.thicknesn of two mils, The uambly of the painted panels 1s shown

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

on page 17. - v .

b, 8ystems Exposed, Each of the sixteen pigmented Pliclite paigtl

involving systematic variations were exposed both as & two-coat self-primed
system and ag a primer under the oil-base control topcoat 1700E (T1). Formu-
lutidn Uo. 19 vhich involved the TS2CR zolvent wa‘a exposed similarly, The
rezainder of the formulations, the unpigmented types, were studied as pricers
under one and two coats of Formulation o, 10 and of oil-topooat Tl. These
systems vere plsced on h‘)_"-cxterior-soutﬁ exposure on Mareh 1, 1951,

6, Resulta, The working propertics andlinitial_ sppearance of
these paints were discussed in co:me'ction with the weatberometer systems
and need not be discussed here since the observations vere identical,

| -16-
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The exposed panels were first émiﬁed for veathéa-ina effects at
].i days? ex;}osure. Therocafter, examinations wvere made at intervals of
one ronth up to & total period of elght moths' exposure, Here again, A
corplete presentation of all data would be unnecessarily cumbersome, By

far, the most significent type of £ilm fallure of the Pliolite paints |

vas peeling im:xcn rapidly developed into & flaking failure. The progress
of this condition is recorded in Table V, FLAKING PAILURES OF EXTERIOR
SYSTEMS, This table also serves as a key to the paints applied, as identi-
~ fied by system numbers. The photbgraph previously referred to, Figwe 3,
Panels After One-Month 45%-South Exposure, firther indicates the nature |

of the flaking failures, '

-18-
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FLAKING FAILURRS CF EXTERICR 5Y5THNS
: {
Systen, Co:dition After Exposure - System Condition Lffer ¥xcosure
Nucber Sequeace 11 aiys 1 r0. 4 rOS. & mOS. Number Sequence 1l Gays L O, 4 T0Se O %0Se
. 2-1 1-1 7 () ) 0 E~25° 13-13 10 8 L 0
-2 1=-71 9 6 0 4] E=26 13-T1 10 1 4 (1]
E-3 2-2 5 2 0 0 E=27 =14 10 7 0 0
Tl 2-T1 8 2 0 0 E-28 1L-11 10 8- (1] 0
JE=S 3-3 S 2 0 0 E-29  15-15 1 6 (1] 0
k=6 3-11 8 2 0 0 E~30 15-T1 10 8 0 0
E=7 L=} 0 o 0 0 E-31 16-16 2 0 0 0
E-8 L-T1 L 1 0 4] E~32 16-T1 10 10 7 S
E-9 55 - 7 5 0 0 £-33 17-10 v -8 6. L
E-10 -T2 9 6 0O o E=34 17-10-10 10 10 7 L
E-11 6-6 7 L 0 0 E~35. 17-1-T2. 10 10 10 é
F-12 6-T1 8 k- 0 0 E=~36 18-10 10 10 7 L
E-13 7-7 2 0 0 o I E=3T 10-10-10 10 10 6 3
E-1L 7-T1 S 1 0 0 'F-38 18-71-T1 - 10 10 9 6
E-15 §=8 0 0 0 0 F=39 19-19 10 7 2 0
F~16 8-T1 [ 3 2 0 E~LO -19=T1 10 10 0 0
E=17 - 9-9 10 10 2 4] E-l1 20-10-10 .10 107 S A
E-18 9%-11 10 10 2 0 E-L2 20-T1-T1 10 10 10 . 9
F-19 10~10 S kL 0 o . E-L3 21-10-10 10 10 ) L
=20 10-T1 10: § . 0 o E-LL 21-T1-T1 10 10 10 g
E-21 11-11 0 0 0 o] E-LS°  22-10-10 10 10 8 é
., Fe=22 11-1 0 0 o o E-L6 22-T1-T1 10 10 9 L
£-23 12-12 0 o e 0 E-47 23-10-10 10 10 10 6
E-2k 12-71 10 10 3 0 F-L8 23-T1-T1 10 10. 10 8
: 011 Control 10 10. 10 10

- *These purbers refer to paint systems subjected to LS5°-south exterior exposure..
These rarbers refer to vhe sequence in which variocus combinstioas were applied for each system.
These nuumbers denote deirrees of cracking, flaking and/or peeling after certsin periods of exposure.

TTI~L7T "ON 300(0dd ’3Jodey Teutd
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‘The addition of information on dirt collection and chalking is ade-
te to characterize the performange of the films, These properties
e very similar enong al) the Pliolite-topcoat systems and for all oil

e-topcoat systems, Results as averages are tabulated below,

TABLE VI
DIRT COLLECTION AND CHALKING OF EXITRICR SYSTEMS

11 Days 1 Month . b Months 8 Months
.0lite Systens o , :
Dirt Collection ~ 8,0 75 9.0 - 7.3
Chalking o 9.7 . T 3.0 k.,
.-Bace 8ystens o ' |
Dirt Collection 5.8 . 4.3 3 6.0

| 'd. }Extorior Exposure Observaf‘.iqnu and: Conéluaié_xlg_. Bascd on
, results for the firet sixteen Pliolite paints epplied as two-goat
.£-primed s&stcms, it appeared woarthvhile to plot the performance of
e systems in terms of Pliclite 8.7 content and P.V.Ce vercus the de~
@ of cracking, ﬂ.:‘lking, or peclirg, The plots vere t.akén vtrom the data
eleven days'! exposure since for these systems (odd numbers El through
L) the trends were well-developed at that time, From the plots showm in

jure 4, Effects of Pliolite 8.7 Content, and Figure 5, Effects of Plgrent

lume Concentration, the corparative performance of the sixteen compositions:

well-1llustrated, These plots indicate that 100 per cent 8-T vehicles
1 30 per cent P.V.C,'s show superior performance acong this »nerieu.; It
further roted that paints fornulated at 100 per cent 5-7 vehicles were
ted perfect at 30, 40, and 50 per cent P,V.C., while paints at 30 per cent

-£0-
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Figure 4. Effects of Pliolite S-7 Content.
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| P.V.C. were ratod perfect at both 70 and 100 per ceat Fliclite 5.7 eon-
tente Weathering for o longer period of time clearly indicated that
Cystem o E25, two coats of pigmented Pliolite at 100 per cent 8-T7 and
30 per cent P.V.C., Wvas the best of thie group end that System No, Bl'!.
at 70 per deat S.7 and 30 per cent P.V.Co was next in perforsance, -

The study of @ verietion in solvent type (TS20R replacing xylens)

18 exesplified 4in Systes No. K39, two coats at TO per cent 8.7, kO per
cent P,V,C,, which is analogous to System No, E19 in the seriecs, The use
of the slover-evaporating ercmatie solvent definitely iuproved the pere

- formance of this paint, | ,

Evaluation of oil topccats over the pignented Pliolite primers (even-
nurbered systems E2 through 32 plus Ek0) shows, in general, somovhat
superior perforzance for t!iwi systems, compared to their nll-niolitd
counterparts, with respget to Lfleking fellure, Chalking propertios of
ol) topcoats were also more satisfactory than Pliolite topcozts, A cignifi.
cant cbservation in favor of the Pliclite topcosts concerned dirt eollectioa,
Tha oil-base topccats were muweh dirtier even at only eloven days exposure
than vere Pliolite topcoats. The greater filw hardnoss of Pliolite paints
was probadly respongible for this condition sgince chalking had not yet oce
cwrred vhen distinot differences im dirt collection vere first evident.

The perfurxzance of systers utilising cleaxr Pliclite ceslers was
somevhat more encowrnging. These studies involved Systems Kos. E33 through
EA3, excluding E39 and EiO, The selection of Formulation lo, 10 as the
Pliolite topcoat was uafortunate since it was not the best of the Pliolite
palnts, Most of the systems studied were three-coat types since s single
topocat over & clear sealer 4id not supply ooupletely adequate hiding,

23"
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' Bevertheless , Systems E33 and E36 which had only a single applicutién
of Pliolite fo;»coat coupared favorably in perfornnuce to th_eir counter=
parts E3% aod X37 having tm; topcosts of Pliolite pelnt,. | |

Relating the performange of the clear seaiuﬁ to their composition,
1t will be soen that ucdor Pliolite topcoats, Formulution Kose 22 (75
per cent §-7) and 23 {100 per cest 8-7) vere superiors Voder oil top-
cotts Foruulation ﬁos. 20 (0 per eent 8§-7), 21 {25 per cent 8-7), and
23 (100 per eent 8.7) vare t.uwt in performance, Presumably, Formulation
Ko. 23 (100 per cent 8-7) was thé best sll-sround clear seuler of the
growp. Conversely, Formdation Nos. 17 (50 per cest 5-7) snd 18 (100
~ per cent £-~7-30 urreduced) vera cosparstively poor in perforumance. It
is of further Lnberb;at o0 noﬁc that Formulation Ro._aa perforzed dbetter
widsr the Pliolite toptoats than under o1l topcoats, This vis & r'evercalv
of ths performunce of the other ne;nlcrs.

The luck of precioion of evalustion and the limited data obtained
4o ot permit an attempt to pe,at’.ant.l& explain the observations mnde on the
clear prirer systems, A comparison of Formulation No, 18 (100 per cent
8-7-30 unreduced) vith Formulation No., 23 (100 per cant 8-T reduced with
xylene) appears to indieste clearly that a redustion im concentration and
visecosity of the Pliolite 3-7 ao;ut'.ioﬁ yields Luproved MMG as 8
elear primwer, It is possible that the generally poor peri‘dmme of 87 =
8.5 blends, notably Formulation No. 17 (50 per cent 8-7), ia related to
a slight inecapetibllity of blends observed and poted ocorlier in this re-
port.

The most aignificant obematicma" sre sunsarized as followsi

l, The of{l-base control systen was gencrally superior to all the
Pliolite systers studled, '

\
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2. Systen No., EN2 (cleer Pliclite 8-§ prim#r vith @ eouts of oil-
base topcoat) was alnost equivelent in performance to the control bystem,

3. Among tho all-Pliolite two-coat syvtems, E25 (100 per cent 8.7,
30 per cent P.V.Ce) was Outstunding. |

4, Tke asystematic serico of mli-Pliolite systems (odd-numbered EL |
throuzh E31) chowed a puriodicity of £ilm properties, In all smses, per-
forrance 1mp¥0vcd o8 P,V.C. decreoased and/or as Plioclite 8-7 content ine
creascd, |

S5¢ Pliclite film failures were by eracking and flsking; chalking
was exccoezive in all cases,

6. Mo serious color changes were ohserved,

'f. Dirt collection was much greater on the oil-psint film than on
Pliolite-paint filmss |

8. I&proved performance Qr.rliolito paint was achieved by replacing
" xylecre with a slowver sropatic solvent,

" As in the cose of ﬁnﬂwré&letar |e;upoauroa, ‘it wos obcerved that ad-
hesion was ;é:px?ovea vhen low-P,V,Ce Pli0lite prizmers were used, Adhesion
vag £t111 detier vwhen clem'. Plioclite prizers were uaeq, even in a two-
coat system (E33, E36). " . .

Gcnerui congluaions from these observations sre oas followss

1. It 1s indicated that Pliolite binders require nodification to im-
prove dlsteneibility and adhesion to wood if & saticfsotory bouse paint is
to be zchieved,

2. Conoparatively low P.¥.C.'s are indicated for Pliolite paints for
exterior wood application. | '

3. Excessive chalking is o problem that appears to be unrelsted to‘
P.V.C. or Plioclite type.

h. Solvent vgriationa cignificantly affect filn prOpertieu'or Pliolite

palnts.
-85~
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h, Correlstion of Weatharonetar--Exterior gtudiecs.

a, Diveussion, Frow an examination of the exposure dota, 1%
appeared evident ﬁmt for chalking fallures s fair degree of eorrelation
x:ight be obiainable between the weathercmeter-exposed and the extorlors
exrosed idénticnl systems. Convermoiy, it was apparent also that eorrelse
tions for eracklng, flaking, ard peeling would be ré.thar poor. To in- |
dicate the degree of correlation without undertaking longthy methematical
operations, a series of ploto was prepared to conpare ventheroscter-versus
exterior-exposure results, These plots fin Yigure 6, Chalking Cortelations,
end Figure T, Intcg,rity. Corxrslations, are shown on pagec 27 and 28, re-
epectivelys Eqch 4ot on thece ucatter plotz represents o paint system,
A dot; 13 loeated on the abuoeisus by the exterior performance, and on the
rdinate by the_ wertheraater performsnge m? the syston feprauented; Perw
fect correlmtion would be obtuined if all dots should £all on the diagonal
straight 1.1§u shown {n cach plot, Beneath each plot, the sxporure peviod
for the weatkerometer and exterior uy';zto&m under consideration are indicateq,
| At 100 hours ieruua 11 dnys, veatherometer chalking is seen t0 be more ‘

advanced than exterior ehalking. At 100 hours versus 1 wonth, points are
ponewhat sonttered, but correlation is fairly gocd. When 200 hours'! versus
2 moatha' exposure is exanined, chorssteristic trends are ecen to have &-
veloped, and the weatheroueter is found to be leading agaln in éimlkincu.
At 200 hours vercus 4 ponths, good correlation ocours. Nour Mundred vercus
4 rouths placcs the weathercacter slightly shead again, and finally, k0O
hours versus 6 months shows good correlation,

Intogrity, as referred to in the chsrts on page 28, means the ocondi-
tion of the syetem with respect to eracking, flaking, or peeling--vhichever

-26-
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is the poorest, MFrom an czaczination of the rav data, it sppearcd odvicus
that prectically no gorrelation uxiat&d betvesn weatherousster and emrior
porformance with respect to integrity failures, HNevertheless, three
seatter plots were prepared to illustrate the degres of carrelation, The
Lirst of these, 400 hours versus )1 days, shovs wida dlepersion but also
indicates that weathercueter aging ia nore advanced than exterior aging.
The second plot, 400 hours vexsus 1 month, aloo shows wide dlspersion but
-Goes indicate that, in general, ihe degree Of aging is sbout the saze, The
third plot, 400 hours versua' 2 months, retalns the vido digpersion and
clearly shows greatsr aging fior 2 months' exterior exposcwre than for OO
bhours in the weatherowmoter,

b, Conclusions, For accelerated evaluation of the vhalking
tendencios of plgmented Pliclite and oll-based yalnta, the following sp-
. proximate equivalence has boon established.

Monthercroter - Exterior he°
B 100 hourzf 1 month
220 hours L mouthe

<

kD0 hours 6 mwnths

. For accelorated evaluation of integrity failures; no useful ocrrelation
of voutheroceter versus exterior hs® ~exposure pérrormncc was determined,
€. Plasticizers With Pliclite 5-5 Paints

1. Plaz of Investiration--Forrulations

| | It vas docided that forsulution efforts should be concentrated

on podlfications ¢f Fliclite S-5 sincs the vork to this point had indicated

that PLliolite 8-T doas not provide sufficient percanent Aplmnciw, even
vhen uaed as the =olo birder materisl. Furtherzore, PLio11to 8- vas not
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avallable in the rore desirsble form qf a s50lid resin. Thus, all sube
soquent work was dm‘ocgl +o the study of compositions based on Pliolite
8-5 as the primary veblele constituent,

The previous work clearly showed the need for additionsl plastici.
zation; however, the quontity and type of plasticizer required vas, es
yet, undetermined. The purpoao‘ of the stuly lhoere desoribed was W obtaii
this inforeation. By a systematle study of plasticizer variations in s
, single Pase Formulation, the approximate plastioiier reguirements for

Pliolite S-5 vehicles was detericined,
The Puse Formulatlcon seclected for this work was as follovet

PASE FORMULATION
Per Cent by Welcht

‘Rutile '1'102 , : 12,1
“ine Oxtde Te7
Hagnesium Silicete ; 20,7
Pliolite 8-5 ¢ Mtieizer £0.3
Shell TI2ER - 39.4
Mineral Spirite | _18.8
102,0
P.Y.C. e« 30 per cent

Solvent X-B » €0
Coneisteney = 85-90 X,U,

The percentages by weight ns )isted adbove were necessarily varied
8lightly depending upon the amounts and types of additives used, dut the
I?.V.c. » Solvent K-B, and consistency were held constant, It may be noted

~30.
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that this formulation doec not depart very puch froa the g-&vgl Glozy
White Ensmel tested on Project No, M-142, The Rutile Ti0, vas selected

 to supply the pecessary hiding, snd possidly to improve chalk realstance,
Zinc Oxide mrovided wltraviolet mity 0 inhibit dogredation of the
Pliolit.e‘ binder, Magnesium Silicate served as an oxtender and poseibly -
reinforced the film mechanicallys Shall TS2{R provided the aromatic cone
tent for the rolvent, end had & volstility epproxivately eguivalent to
~ the mineral bpirltu dlluent, o

The following plasticlizera wem; selected for ihia studys

(1) Chlorowax 40 | | .

(2)‘ Sauticizer B-16 (butyl phthaly) butyl Qlycolate)

(3) Twng 0L |

(4) Paraplex G-60 (polyester~-type plasticizer)

(5) Arcelor 125k
Ench of these materials vas used {n the base formulation, replsaing
Pliolite 8-5 st tha rate of %, 10, 20, 30, and L0 per cent of the total
s011d3 fn the vehicle, The sctual formulations used are chown in Table
VII, PLASTICIZED PLICLITE FORMULATIONS, on pages 32 acd 33,

2, Teat Procaedure

Al of the gainta were prepared by pedbdle-iilling the ingredi.
evts vith & 30 per cent sclution of Pliolite S-§ in the mixed T326R-
gineral apiriis solvent, Miilins required about 15-20 hours,. ¢on':;iatcncy

. was adjusted by sudbsequant addition of mixed solvent as shown in the forme

wations, About one quart of each type of pairt wes prepaved,
Tont panels vore constructed frow throe-foot lengtha of No, MOS pate
tern southern yellow pine lumbar, 'kil_n dried, Two boards vera used for
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SR LATLION

Formulation Dunbora

10 101 192 103 1ok 165 106 107 1556 109 10 111 112
Fer Cent) . _ - -
Titanox Ra=KC 39e5 3%.6 378 37e8 376 32,6 39.6 32,56 396 3.8 39.5 39,5 305
rAss) 2530 25,0 25,0 25.0° 25,0 25,0 25.0 25,0 259 250 2%.9 25.0 25,0
s'g,.-il. 35.8  35eh  35.h 35eh 35eh 3%eh 35.h 3.k 35.L 3T.h 35k 3%.h  35.h
Tehicle (Totsl Weliit 63,0 6840 6840 €740 -65.0 €400 68,0 6340 6740 (LoD €240 670 £740
Fer th) y
vent in Loly ont.) _ ' 7 _
ldnf \n - — - —— ——— — ——— —— - —ou — 1.; 301
""Llcrswx-hﬁ - - 1.5 o)  fali 175 15,4k == . - —-— - -—
zhticlzer 2.‘:‘16 - - - - - - 1.5 209 6;7 1C.9 1601 -— -

. Pal‘&pa.ax \.‘{:0 _ - L - - - - -— - - - ——— - v
1\1“C<‘101‘ g? LZSJ L aad - -~ -an - e - - - - - -~ pey
Adced Jolvent 301 Le2 G Te8  £a6  Te8 Le? €3  LeT Sel 34 he? 5.2

Plrsticizer Content of O Se0 1040 2000 30.0 1040 540 10.6 20.0 3540 100 5.0 10.0

Yonvolatils Venicls (=) / - o
Pourkis Pzr Callon 966 9e7 98 TP 1Ce2 10k 907 5B 10,0 10e2 104 G657
8rind (HeSeSa) LeS  LeS 365 heS L0 . 1e0 heD 540 LeS  LeS LG 0 LG 5.0
1 BieD £7el ISe0 (840 85,0 £5.0 E£3.0 £%0 5.0 £7.0 2.0 85.0

Consistzncy (Kele) - 6440

. (Continued)
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TANLE VII (Continued)
PLASTICIZZD PLICLITYE FLrsBLATICHS

For-ulation Luzbers

N3 114 11§ 15 117 18 119 120 121 122 123 12k 128

Plgment (Total velght 35,0 37.0 10.0 32.0 33,0 3.0 37.0 38,0 32.0 32.0 = 3..0 35.0
Per Cont) :

TILANOK RA=EC. 37e6 396 396 35.6 9.6 39.6 35.6 9.6 6 Wb 1.6 39.6 37.6
ind 25e0 25,0 2540 25,0 25,0 23,0 25,0 25.0 25.0 25,0 £5.0 25,0 25.0
HgaSALe b 35k 35 38 33.h 35. 35 38k 3L 35 35 35 35.k

Yehicle (Total aal ht. 5.0 63,0 60,0 63,0 67.0 €540 £3.0 62.0 68,0 68,0
Per Cent) ‘ . '

Pliolite 3.5 (33 fer 67.2 T8Blel 7746 Fhe2 5342 E5.3 63‘3 Tiel 55.0 9Ll 85,6 89,8 75,8
Cent in Solvunt) ' , o

6£.0 £5.0

Tuna Uu ) 6.8 10.77 15.6 " - - - b - - —— - — -
Chlorowax-40 - 2L e e ;e e ee e e -
Santiclzer r;-16 -— - - - - — -— - -— -— - - —
Pal‘aplnx G-60 - —~ - 105 301 606 11,0 .‘S‘h - - - - -
#ddsd solvent 50 5.2 68 ha3 27 S 5.7 7.5 34 2.9 3.7 3.2 5.2

Plasticizor Content of 20,0 30,0 L0.0 5.0 10.0 20,0 30.0 L0.0 5.0 10.0 20.0 30,0 k0.0
Eonvolitile vahlcle (Z) . ~ ' ] |

Pounds Fer G:ilon 97 1002 10,3 946 97 10.2 10.2 10.3 9.7 9.8 10,0 10.3 10.5
Grind (N.5.5.) %5 L0 Se0  LeS heD L0 3.5 5.0 L0 L0 LO 3.0 3.0
Consiste‘nay (KQU.) : £3.0 £8.0 ©0.0 8}400 8L.0 £8.0 £3.0 83.0 813.0 £8.0 86.0 £3,0 - 83.0

TTT=L9T *on jovloxgd ‘qaadey Teuly
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each test system, All boards were mx-prlmd with a hcnvy coat ot'
aluminum paint, A one<foot length Of each boaréd was primed with on
oil-base TT-P-25 formulation, while the resaining two feet were primd: :
vith the test paint, Then, after 24 hours' dryling, the whole bourd was
topeoated with the test psint, Paints were applied to the panels 1n
weighed quantities ealculated to produce a dry~film thickuess. of one
mil for each cost, Several panels of a system of TT-P-25 - TT-P-%0
- 0i)-basze paints at porzal film thicknesces wore also included in the
study. ' ' |

The test ponels were mounted on frames wvhich held six panels each, -
Altogether, five frames vere uped for this series of studies. These
frames were mounted on & 45°-gouth test fence located on the roof of
the Georgla Tech Research Mld&ns on January 14, 1952,

- 3. Test Results

a. Application Properties, It was neceasary to apply Pliolite

painte to the punels in quantities equivalent %o only one mil dry-filn
thickness, since greater quantitics of paint caused sevore uaé:ng of
vtho wet film. Pliolite painis brushed satisfagtorily as privers and as
topcoats over the oll primer, but they were difficult to brush as celf-

' primed topcoate, PBrushing propertiesn vn_ried considerably, however, vith
the degree und type of modification of the Pliolite paints, Brush.dreg
in the application of Pliolite topcosts over Pliolite prirers was un-
Qoubtedly due to a regolubility of the priver in the topcoat solvent,

At the sane ﬂ;u, it vas erncouraging to note that ro "1ifting” of oll-basge
pricer was experienced upon application of this ceries of Pliolite paints
as topcoats over the oll-base primer, All the Pliolite paints dried to

-3
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touch in e few hours' time, and the systems provided edequato hiding
despite the lov film thicluesses attalned.

b, Pxnosure Obearvations, After ten days of 55’~south exposwre,
the panein vere exanined, All of the Piiol!.ta palnts applied over oile
based piizer were unchanged, dut, among the two-coat Pliolite applica-
ticns, definito trends were already apparcnts In all cmses, performance
ixproved directly with increasing plasticlzer concentration, All formula-
. tions st 30 per cent and 40 per cent plasticizer concentrations were pere
' feei, but the paints containing lw plesticizer concentrations vere vegine
ning to fatl. The cofter £ilms of the 4) per cent plasticizer paints |
shoved slightly greater dirt collection than paints vith lecs plasticiser,
but they were still no dirtier thsn a conventional oil-paint ocntrol sys-

ALl of the cbeerved filn fallures originated vith eracking which
repidly developed into s flsking condition, Therefore, the progress of
the weathiering process can bo 'Qdeq{zswly deseribed in terms of flaking,
The reauitg of theze observations Over a six.zonth period are preseated
graphlcelly in Figure 8, Flaking of Two-Coat Pliolite Systems, on page
36, and in Figure 9, Flaking of Oll-Pricer, Pliolite.Topcoat Systems, on
‘paie 37, (Bxposed systems ere designoted by the Forsulation No, of the
Pliolite paint used vith the guffixes P or O to reprecont two coats of
Pliclite palst cr oil-priner Pliolite-tojcost systens, respestivsly,)
Unfortunately, even the best of these exporizental systens wvas inferior
to the two-coat oil-base control system vhich vns rated 9-flaking at the
end of 5ix nonths, |

Pooitive acconplishrents were pot entirely lacking, however, The
ko per cent Santiciser B-l6 modification vas secn to be decidedly superior

~35-
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to any previous 151iolite formulation, Chalking wvas pot ob.jeotioﬁuble in
this serles of foruulations but actually followed very closely the chalking
performance ot‘ thd oll control. Flnully, despite the slightly uoi‘tczysd
£iln produced by 4O per cent plasticizer modification, dirt collection of
the Pliol{te filus was s5t1)1 slightly less than the oll-paint £ilm,

L, Cenclusions

The results of this study indicate that tmproveuents in the £ilm
properties of Pliolite paints were sscompliched in thip work, Revertheless, '
the flaking character of the film fallwres demonstrated agaln that more
permanent film flexibility and adheasion xust be achicved if the performance
of oil-based paints ie to be approached, Specific eoncluslons from this
vork are as followss

a. Plasticlzer concentrﬁtiom of 40 per cent based on the monvolstile
'vebicle are m0st offective in the paints studied, '

b. Santicizer B-16 wos definitely superior smong the pluticizern
tested, The order of performance wass |

(1) Ssanticizer B-16

(2) Chlorovax 4o

(3) Aroclor 1254

(4) Pareplex G-60

(5) Tung 011
| ¢ Systems of Pliolite topcoats over oil primers were derlnitely'
euperior to nll-Pliolite systers with respect to veathering properties,

d, Excessive chulking wes corrected in this work, but brushing '
properties and exterior weathering properties were not \aurriciently ime
proved to make these types of Pliolite paints worthy of considcrntion as
exterlor wood finishes,

-36.
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D. Study of Plasticizer Blends N

1. Introduction--Fornulations

After prolinirary obgervations on the results of the indlv;dml
p’laaticize'r studics, it was thought tﬁat éertuin blends of plasticlzers
in Pliclite paints might produce enhanced weathering perforaance, Ace
cordingly, a cerles of exposure otudlcs was devised to test this ldea,
The save Dage Formulation as described in Section € was uged in this vork,

Actusl corposition date for the blendsareshown in Table VIII, PLASTICIZER

BLEND FORMULATIONS, on page 40, The plasticizer concentration in all cases
r vas 40 per cent of the nonvolatile vehicle., The plasticizers used were
the sane 8s in Sectien C,and they vere blonM in the following rmanners

a. Tvo-thirds Chlorovax 40 with one-third of cach of the other

plasticizera,
b. Two-thirds Santicizer B-16 vith cre-third each of the other
plasticizers, | ' |

« t
. '_) :
2. Test Procedure

? This series of paints was prepared by sisply blending the paints
prepared in the previous work, deccribed in Section C, in accordance vith

tbhe corposition requirenents for this study. Panel design and painting
folloved the samc plon that was deseribed for the individual plasticizer
studies, The coxpleted frames vere mounted on a b5°-couth test fence
loéatcd on the roof of the Georgia Tech Research Bullding om Apeil 1},
vRe. B
3 Test Results
a. _Applioation Properties, As in the case of previcus Pliolite

paints, a dry-film thickneus of only one mi) per coat could be attained

«39«
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21013
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without the occurrerce of segging. The problem of brush-drag over
Pliolite prizers also recurred. Application properties wero substans
tially identical to the previous individual plasticicer studies,

- b. Exposure Observntiona. As & group, this series of formue

latidns denonstrated the 11:§proved durability that had provicusly been
observed in corpositicns containing Lo per cent plasticizer, Dirt col- |
lection and chelking followed very closely the performence of the oile
base control :systen in all cmses, Iniegrity fallures dbeyan to eppear
after sbout two montha! exposﬁre. Actual perfornance data are shown in
Pigure 10, Integrity of Two Coats of Pliolite Paints COnt.‘ainlng Plasticizer
Blends, on page 42, The rating for integrity refers to the cracking or
flaking failures, vhichever is worse for any put.iculaf system at thn'-t.ime
a readinlg‘:ls rmade, In general, failures began with cmckina vhich rapid-
ly developed into flaking, As in prevloua wvork, the best of the expcri-
rmental systens was still inferior to oll-base systens, and Pliolite

points over oil prircers va:re better than two-coat Pliolite systems. Dis-
tinctions in perfomance among the verious plasticizer systems vere not
ciearly drawvn, MNodifications of Chlorowax 4O a.nd Santicizer B-16 with
one-third tung 01l appeared to produce a slight 1mvavcmnt, vhile eimiinx;
‘modification vith Aroclor 1254 may have been slightly inferior to ﬁm |
other oystémn. Hovever, these observations cannot ba regarded as conclue
sive, eince differences in walmtions vere very o8light among this vhole
serics or tvo-cout Pliclite systems,

Paint-filn failures on southern yellow pim alwvays begin ¢ver the
summervood portions of the panel., In the case of the Plioclite paints that
have been st,udlied,. the £1lm over the summerwood reaches an udvmcéd ctage
of deterioration betczrg the film over the springwood begir;il to fail}, In‘
other words, evaluations are largely based on the performance ot the

-l



Final Report, Project No. 167-111

SYSTEMS PLASTICIZED WITH TWO-THIRDS CHLOROWAX 40
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paint over the herder mmérwood. Thus, a paint nay show erohs fallures

over cummerwood and be rated very low, yet its duradility over epring-
wvood might be Wtinu good, Now, while the performance of thece
paints speoifically over the gpringwood was not numcrically rated, 11'..
vas observec.l that after ten months' exposure the two-coat Pliolite systems
rodified with tung oil (129-P eand 133-P) vere in much better condition
over the springwood thon the other systems studied, For the purposcs of
the present Mk, this observation is not highly significant, sinece _“'
hesion over swmerwood must he ntté.imd if a patisfectory paint for
southern yellow pine is to be achieved., Nevertheless, this cbservation
may be useful in formulation work aimed at the duvelbment of Pliolite
paints for use over aupstrate# other than socuthern yellow pine.

4, " Concluaions

¥o significant improvement in the performance of plasgticized |
Pliclite paints on southern yellow pine was achieved by using blends of -
plosticizers in thcaenpnints.

E. Renctive Piguents--Vehicle Acidity

l, Introduction--Formulations

The contributiong of reaétivo pigrments, notably bacic care
bonate white leud (BCWL) and zine oxide (2n0), to the dwrability of
exterior oil-bascd house paints hns long been recognized, It 1s known
that thece basic pigrents forn soaps with the fatty acids ‘1n the vehicle,
and these coaps are believed to .be largely responsible for the inproved
properties that are developed., Since Pliolite vehicles contain no fatty
acldn, there. is no opportynity for Mum of reinforcing metallic

goops with basic pigments in such painta. Therefore, reactive pigments

- -h3-
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\n

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 ecida were introduced into the Pliolite vehicls as an
additive, the desirable. soaps would be formed in the Pliolite paints
contaihing reactive pigments ’ and the properties of these painta m;ght '}
be improved,

| Preliminary work with clear f£ilms indicated that amall quantitlies of
~ linsced fatty acids could be added to Pliolite vehicles without yroducing
. dncompatibility, Aeccordingly, it was decided to test the theory, Six
formulations were prepared for this work. They vere deslgned around
the Base Formuletion deseribed in Section C. In all cpses, the vehicle

contained 40 per cent of Santicizer B-16. The couposition of these
paints is detailed in Table IX, REACTIVE FORMULATIONS, on page 45, In
the first four of these formulations, ECWL vas substituted for ZnO on

an equal volume basis, and vehioie ‘aoidity wvas adjusted to acid numbers
of 0, 5, 10, and 15 vith linsced fatty acids. The lsst two formulations
vere retgrned to the original pigmentation with Zn0, and vehicle acidities
‘of 0 and 10 acid nurbers were used. =~ U

2. Test Procedure

The preparation of paints, panel dassign, and paint applicat.ion
wvas done exactly in accordance with the procedwre deseribed in Section C,
The panels were placed on h5®-south vertieal exposure on April 1, 1952,
3. Test Results | —

8. Application Properties, At the time of application of the
paints containing linsced fatty aclds, a “streaking” was noted along the
inpide walls of the paint cans above the liquid level of the paint, This

Jie
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T"\BLEE X

REACTIVE FORMULATLONS

e e e e

— —— e
Forrulatlion Nunbers
138 139 10 1kl -2 1L3
Pigment (Total ‘weight Per Cent) L1.0 L2.0 - L5.0 L3.,0 38,0 38,0
Bosic. Lead Carbonate 5060 5040 500 5060 = ==
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ind - - - - 2500 . 2540
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Pllolite G5 (30 Per Cont 7949 T8k T7e5 T76.6 8045 7941
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Orind (NIS.SQ) w3 305 340 3.0 Lo -
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effect suggeoted that pig.mﬁt aggloneration may have oeourred, ‘!o check
_this, the grind vas measured and it was found to be 1 or less in each
cage, although a minimum value of 3 had been cbtained at tho 'tﬁne of manu-
fncture; Def-pite this ngg,lommtion ’ the application proporties of these
puint.s d:ld not nppear to be affected by t.hit. phcmnon. ;
.. The use of BCWL in the pigmentation was observed to ;n-od.nce a dif-

ference in application propertiea. lead appeared to irpart a "atrinsinass

a.nd scmwhat poorer brushing pzopertica to tho product.

b, Exposure Observations, The effects of reactive pigrent and

ecid number variations at six montha' exposure are shown in Table X below,

, TABLE X
. DIRT COLLECTION AND CHALKING OF REACTIVE SYSTEMS AT SIX MONTHS' EXPOSURE

| Lead éystegs’ _Zinc Systems
Acid Number . . o. s 10 15 0 0
‘Systes Rumber 138 139 W0 s w2 . ak3
Pirt Collection ' ' | ;
2 Coats Pliolite.. . . B4 4 . & b T 6 6
011 Primer--Ple T.Co 6 6 6 6 8 8
. Chalking - '
2 Coats Pliolite. .5 9 9 8 7  {
Oil Priirrer--Pl, TQCQ . 8 8 8 8 7 7

The lead eystems show olightly greater dirt collcetion nd leos chalking
than the zino systems, Mo significant relation botwoen vehicle acidity
and 4irt collection or chelking tendencies ia shown, i
Paint-film-integrity effects are plotted for these systens in Figure
11, Iatogrity of Reactive Systems from Lero to Six Months, on N'. k7. For.
two-coat paints tho integrity of lead-gontaining systems vas definitely '
46
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LEAD SYSTEMS

lo‘—&% Q—2 K 10 ﬁF
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—————— 141-P —————141-0
| | | I | |
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ZINC SYSTEMS
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\ Nt
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—_ 143-P _— 143-0
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Figure 11. Integrity of Reactive Systems from Zero to Six Months.,
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better then zinc-containing systems. Acidity in thre vehicle was not
hclpfui and actunlly eppeared to bdbe detrivertal in the lead syectoms,

4, Conclusions

i For the systems studied, paints bdsed- on basic carbomt.e '
white lead wvere superior in weathoring per_rormnqé to paints based on f
zinc oxide, ' ‘ |

Additions of linseed fatty aca.d:; 'to these, syste@ 4i1d pot improve
perforsance, |
¥, Antlioxidants and Antaclds

l. Introduetion--Formulations

In order to rcta.rdAa.ny possible caidative deterioration in
Pliolite paints, antioxidants und sntacids vere studied as edditives in
_ the systen, As in pravious studies, the Base.Fom;u.otion plasticized

. with b0 per cent Santieizer B-1G was used s the basis for this vork,
The antioxidunts studied were Wingstay S (Guodyear) and Sentiver A
(Monoanto),. Dipﬁon (Hatiom;l .Lcan) vaa ioveavigated & an antacid, Porme

‘\dation details are shown in Toble XI, PLIOLITE PAINTS WITH ANTIOXIDANTS
ARD ANTACIDS, on pase.‘i.@.

2. Test Procedure

The preparation of paints, panel design, and paint application
wes done exactly In accordance vith the procedure described in Section C.
Systers E154 and E155 were prepzred by blending from the other formuls-
. \

tions. The pancls were plé\ced on L5°«south vertical exposure on April 25,

- 1952,
3. _Test Recults

8, Dispergion Properties. It woo noted that the forrulations

prepared vith Wingstay § (Els4-146) had & much shorter grinding tize than

8.



-6M~

R

TABELE XX

PLIOLITE PAINTS WITH ANTIOXIDANTS AND ARTACIDS -

Pigrent (Total Feight
Per Cent)

Tasic Lead Carbonate
Titazox RA-HC

Zn0

Diphos

Pica

Vehicle (Total Eeight
Per Cent)

Pliolite S-S5
Santicizer B-16
Winpgstay S
Santovar "A®
Solvent

Formulation Numbers

1Lk

1L5

L6 14T 18 19 150 151 152 153 154 155
38-0 38.0 3800 “— 38.0 38.01 3300 38.0 39.0 39.0 39.0 39.0
39.6 39.6 39.6 39.6 39.6 39.6 39.6 37.9 36.7 3L.3 37.2 37.2
25.0 25,0 5.0 25.0 25.0 25.0 25.0 2L.5 23.9 22.6 23.8 23.3
35.h 35.4 35.4 35.4 35.4 35.k 35.4 35.0 343 32.7 3L4.0 3h.0
€2.0 €2.0 €2.0 — 62.0 62.0 62.0 62.0 61.0 6L.0 61.0 61.0
80.9 20.9 80.9 80.7 B£3.6 80.6 £0.3 80.9 81.0 81.0 6§1.0 8L.0
16,1 16.1 1€.1 16.1 16.1 16.1 16.1 16.2 16.2 16.2 16.2 16.2
002 o.h 0.8 ——— ——— hannd bl —_— — -—— OQh | o~
— - —— 002 OOh 0-8 —— — — —— —— o.h
2.8 2.6 2.2 3.0 2.9 2.8 3.0 2.6 2.8 2.8 2.4 2.4

TTT=L9T °*oN 309foxd tqu00ey TRURd .
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all otter paints studied. Furtherrore, somevhat leos solvent vag ree !
qulred to obtaln proper viscosity in this eystem,

b, Amnlication Pronerties. Those forrulations were substan-

tlally identical in properties to the sare forrmulation without the addi.
tives, e.'g., L1W2. | | |

¢, FPxposuro Observations. Dirt collection and chalking propers

tics vore unchanged by the addition of antioxidants end the antacid, IXue
't.czrity, g3 o function of exposure tim, is plotted in Pigure 12, Anti.
oxidants in Pliolite Paints, on page 51, and in Figure 13, Diphos in
Pliolite Puints, on poge ‘52. ' |

L, Conclusionn a o |

) It was indicated that Wingstay 8 ncts a3 a grinding aid in Plice
lite painto, Othervise, no hodmmg effcots wvere ob'se;'ved to ocour by
Anclusion of these additives. | |

' G. P.V.C. ard Pigrment Varlaticns

1, Introduction--Forrulations :

| Previous work in Section B had indlcated that clear sealers might
beli uzeful as pricers for Plioiitc paintss It appesred to follow from this *
that lwor-P.V,C.' paicts sight also have sowe merit, Accordingly, paints
at 20 PVeC,o with zinc and with lead in the éimentation 'wnre prepared,
Along with this study, a fermulation containing 10 per cent of wuter'-
ground mica in the pignentation at 30 P,V.Ce a3 included, The possibility
of gaining a reinforcing effect from tho iica m conteiplated, Formuls- ‘.
tion detailo are shown in Table XIT, PLICLITE PAINTS WITH P.V.C. AMD PIC-
MENT VARIATIONS, on page 53. ‘ '

2. Teat Proccdure

The previously deceribed procedure in Scetion G was folloved in
detail. The panels were placed onm 45%-south vertical exposure on June 30, 1452,
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Figure 12. Antioxidants in Pliolite Paints.
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Figure 13. Diphos in Pliolite Paints.
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TABLE XIX
FLIOLITE PAINTS WITH P.V.C. AND PIGMENT VARIATIONS

Formlation Humbers
, 156, 157 150 159
 Plgrent (Total Welght Per Cent) 38.0 27.0 37.0 29.0 .

Bagic Carbonate White lLead - - - 50.0
Titanox RA-NC 39.6 35.6 38.0 20,0
200 _ 25,0 25.0 24,0 -
Mlca - - 4.0 -
Mgz, Gil. _ 35.4 35.h 34.0 30,0
Vehicle (Total Weight Per Cent) .0 73.0 63.0 7.0
Pllolite S-9 ' 79.5 8.7  79.8 81.0
Santicizer B-16 _ B 12.9 16.1 16,0 15.6
Solvent ) .6 3 2 4 o2 3 .h
PV.C. | 30.0 £0.0 30,0 £0.0
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- “‘

3. _Test Results

2. Application Propertiecs, Iho variations utudied here d.id

pot significantly affect brushing properties, The lead formulation ugnm

displnyed a slight ntringineau in bruahina
b Exposure Obscwationn. The variations studied here did not

significantly mect the chalking proycrue_s of Pliolite paints, Blightly
grectér dirt collection occirred for paints at 20 P.V.Ce (157 and 159),
and, of these tvo painta, ihe one containing lead pigmentation (159) dis-
pmy!:d the greater ~airt collect:.on. Definite checl.ing wvoeg 8lso observed
to occur on these nm two painta at 20 P,V.C, The xinc-containina
formulation 157 vas the poorer in t.ma respeet, Checking occurred on.ly
on two-coat Pliclite applicn;iom. It vas wot observed 1n the oil prizere
Pliolite topeoat systems. |
The integrity perfornance of the systems over & six npontha'! cipoeurc

period is presented in Flgure 11&,' Integrity of Bysw vith P,V.Ce and
Pigmentation Variations, on page 55. Distinctions in the performance of
- these systems woere very slight, In the two-coat epplicstions of Pliolite
paints, the lead-containing system (157-P) demonstrated a slight euperiority
throughout the exposure period. Over tho oil primer, distinctions in the
perforuance of Pliolite topeocts vere insignificants

4. Conclusions

For the Pliolite paints astudied, the following concluuioﬁa vere
drawni

8, Reduction of P,V,C. to 20 per cent doea not iumprove the
perfornance of the paint on southern yellow pi’ne'. '

be Inclusion of 10 par cent wvater-ground mica' in the pigmenta-
tion of tho Pliolite paint does not improve performance,

-sh-
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¢, Substitution of BCWL for Zn0 in the Pliolite paint at
20 per cent P,V.C, ioproves the integrity of the palnt clightly.
N, Study of Clear Vchicleu

-

1, Introduction

‘Jhile the plasticizers that wvere evaluated wvere obaserved to
premote adhesion snd film integrity to :sone ext.ént, it wvan belicved
posuible that gome other sdditive say produce more specific effects,
Sirce it was desirable to "ecrecn” many saterinls as rapidly ns posoible,
and since the problem was believed t0 involve principally the design of
the vehicle, evaluntions were made with unpigmented filus.

2. Preparation Procedure

A quantity of a 30 per cent Pliolite 5-5 solution in a 60 K-B
blend of TS2(R and mineral spirits was prepared as a stock solution, Por-
tions of this stock solution were mixed with plusticizers arnd additives

rccording to the following genersl formulas, Base Vehicle Ros, 1 and 2,
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BASE VEHICLE RO, 1

" Graus
30 Per Cont P1I6lite Solution 47,
Aroclor 1254 6
Additive L

The folloving additives were evaluated in Base Vohicle No. 1t -

Exnosure No,. Additive . S ier .
SF4 30% Piliolite Solution (Control)
SFS Wood Rosdn . 1l
SF6 Abelym 2
N 4 A, drolyn A 2
SF8 Staybelite '3 N ¢
8F) Pentalyn A (2
SF10 Abietic 'Acid 2
SF1l Piccolastic C-5 3
.. B2 Plecoluatic C-50 3
SF13 Morpholine o (b
SFL Tetructhylene pentamire 4
SF15° Movoethanolanine . L
SF16 - Prowylese Diawlne (4
SF1T Dicthylene Triacine ih
GCF18 Dibutyl Scbacate _ 5
 SF19 Piccolyte (65% S115 4n Min, Sp.) (3
"~ S¥F20 . Oleic acid 6
srel - Linnccd Fatty Acids ‘ 6
SF22 Poetropon 2138 - 7
SF23 But:l Stearate 5
- oF2k Santicicer 107 . o
SF25 Sonticizer M-1T &
sSTe6 Allyl Starch 9
£¥27 , Silicone Resin XR 129 G 210
' 11

B T L W N A N N N e i e

SF26 Cllorovax 7O
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BADE VEHICLE %O, 2

Grans
30 Per Cent Pliolite Eolution N7
Principal Plasticizer 6
Sccondary Plasticizer ' LY

The following plasticisers or cdditives were evaluated in the combinse

tions indicated in Base Vekicle No. 2,

Prinect Plasticizer Secondary Plasticizer Supplier
Banticizor Hydrolyn A o
Eiposure Noge Exposure lo,
SFR23 srhl ~ Santiclzer B-16 ia
5F30 © sFk2 - Hydrolyn A 2
5F31 sz Chlorcwax TO (11
SF32 ST . Rosin - 51
5F33 S5Fi5 Oleie Acld 6
o3 57he "~ Buker's P10 12
SF35 SFLT Flexricin 12
£F30 T8 Lirzecd Fatty Acids 6
S5F3 5FLg Staybelite Ester §3 2
SF3¢ 5F50 AllyY Starch ' )
SF39 SF51 4 . hbalym 2
sS40 - SPe2 Tuang Q11 6
Y » Suppliers

: Yewport Industries ‘
Hercules Pow@er Co, -
Pennsylvanis Industrial Chemical Corp.
Carblde and Carbon -
Con.urelial Solvents Corp.
Archer~Danlels-1idlund Co,
fperican Mineral Spirits Co,

Monsanto Chemlcal Coumpany
General Mills, Iue,

} Dow Corning Corpe

L N S P N W N

Dismond Alkali Corpe
Baker Castor 011 Co.

> w0
EErLelo ()
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3. _Applications.

These compositions were applied in two coats to onc-foot |
~ lengtho of No. 105 pattern couthern yellow pine lumber and exposed L5® .
gouth. The first serics with Base Vehicle No, 1 was e:gvbned on Fobrue .
ary 29; 15%2. The second series with Buse Vehicle No. 2 was exposed on
April 1, I9%2. |

"}, Observations

With féw ;‘:'xceptions thesd clear films foiled very rapidly. Exe
posure results are recorded in Table XIIX on pege 60, Film failwres vere
largely by disintegration ond erosion. While the intogrity of oF29,
placticized vith Santieicer B-16 alone, was good et two months! exposure,
the filn wag stlill very soft and hod collected a great deal of dirt,

- 5. Coneclusicns

None of the additives studied were found to merdt further {n-
vestigation in pigunented systems. The spuperior contribution of Banticizer
B-16 to tho integrity of Pliolite vehioles vas confirmed, Of the secondary
edditives studled, only tung ol ‘s.n coubination vith Santicizer B-16 (sFhQ)

.

‘approsched the performance of Santicizer B-16 alone,

I. Malele-Treated Pliolite S5

1. Introduetion ' \

. It has been indicated that lack of adhesion 1s one of the prin-
eipal prodblems to bo overcame in attcmpting to farmilate suitable exterlor
houce painte with Pliclite 8-5 for application t0 wood exteriors, Ad-
hesion of polymers to various substrates io believed to be influcnced Sy
the degree of polarity of the polywer moleculc; Since Pliolite 8.5 16
a polyzer with very olight polarity, it wms thought that the introduction
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. TABLE XX1X
CLEAR FYLI EXPOCURE RESULTS

Exposure Integrity Integrity Expocure Inteprity Integrity
. Inher One Month ‘Two Months Humber One Month Two Months
SFy 5 0 - OF29 10 1o
5FS 5 0 SF30 10 0
£F6 5 3 SF31 8 0
SF7 8 6 SF32 8 0
&79 6 3 S¥33 8 7
5F9 5 0 SF34 10 T
SF10 2 o EF35 10 ’.
SF11 5 0 5736 10 5
SF12 6 0 SF3T 10 0
5F13 6 o Sr30 6 0
SF1h 3 0 SF39 0 )
£F15 3 0 - SFhO N ‘9
SF16 e o EF4L 10 0
SF17 1 o ‘ SFh2 1 0
8F18 b o SFY3 1 )
- 8F19 5 0 - SR 2 0
SF20 9 5 8F45 2 0
SF21 5 ) SFL6 1 0
SF22 5 -0 SFLT 1 o
SFo3 b 0 EFLS 1 0
sreh 8 b £M9 I} 0
_EF25 5 0 5FS0 1 0
SF26 6 0 SFS1 1 0
gray 2 0 8rs2 e 0
sra8 8 L ,
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of sore xfmterinl into the molécule to increase polarity -é:i(;hi'. prodm;e a
| product with irproved adhecion properties, It is known thet a spall
scount of maleic anhydride 1s used in the preparation of Vinylite VMCH to
prorote adhesion of tho polysers. It was thougbt that o sizdlar treatoent
uight be effective with Pliolite 5-5. While maleic anhydride will react
nost recdily at con,Jue.ated double bondn in a rolecule to form an sdduct, »
'it is nlso copable o!‘ reacting with igolated dcuble bondn at higher tempera-
- twres, and it 1s under these conditions that it vas belleved a reaction with
" Pliolite §-5 nmight .be. achieved,

2., Preporation Procedure

. The renction wos carried out in a 2000-ml. glass reain kettle
equipped with an automaf_ic ut;rrer, & reflux condenser, and a fhermnter.
The kettle was heated with an electric heating mantle, It vas believed
‘to be desirable to carry out the reactios in the presence of a liquid
plasticizer in oxdm to prodde a liquid medium at the beginning of the
teat and 1o reduce the viscbf'sity of the mass 5o that better mixing would
“be obtained during the react.io;l period and a liquld produce would result,

i

The kettle imn charged as follows,

c Grang
Pliolite §-5, milled 294 L
Maleic Anhydride 6 .
Santicizer B-16 200
. 530

The contents were heated saccording to the following schedule:

Tine (minutes) 0O 30 60 60+
Temperature (°C) 26 160 - 230 2L0 max,

61~



Final Report, Projoct No. 167-111

At the end of a one-hour hexting pariod the ketile vas out off and
alloved to coo)l to room terperature, The resulting anber-coloreg reain
Qas poured into a glass Jar and capped, Tho yield was L2 grans.

3, Prdpertieu of the Reain

a, Color. The resin was diluted wvith aromatic solvent and

1t§ color determined as followst

Orars Per Cent

Mnleie Resin heo gh
Shell TS20R 355 . g
£57 100

Gardner Color = 6

b._Acid Number. Tvo types of acid number determinations vere

zade. The first vas a conventiOnni type of dntarmination, and the second
wis a \ater-cxtraction procedure designed to indicate the anount of ex-
tractable unreacted naleic acid remninins in the final recin.

: Duplicate acid number deterulinations were made on the malele resin

using the procedure of ASTM D 555-47 Paragreph § with the following resultss

Ave, Acld Number = 13.9

Duplicate determinations of water-exxractablc or "free” acid mmber

vere made as. follows:

" Free- Auid—Numbcr Procedure

{1 Accurately ‘Ie.lgh 5-10 ‘g of sa.mple irto 300 md n&ﬁk.

2) Add 50 ml benczene, and dissolve sarple conpletely,

3) Add 100 ©l water, and shake 3 minutes,

(&) Ada 10 ml ethyl elcohol, and separate water phage into
another flzaw,

(5) Add 50 nl of wnter to ben:ene phase, shake 3 minutes
and cepnrate pheseo adding the water phase to0 the
previously separated water phase -of step ().

§6 Repeat step (5).

7) Titrate the cambimed water phases as in ACTM D 555-%7.

a&a
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\A

Avcrnge Free Acid mmbexf = 3.1
The theoretical total ac:.d mmber of the maleic resin is caloulated

8s fo_llo{rs:

-
-

vi. nelele anhydride Xequiv. wvt. KOH % 1000
‘Wt total canple cquive Wis MeAe

Theo. Acid No. -

. 6.0 5 ol . ' 1.
< '5—0—6 4 X 9.0 ) X 1000 . |
- 13.7

The caleic anhydride vas asumed to be 100 por cent pure. The manufocturer
(Carbite and Ca'rbén). specifies a ninimm purity of 99 per cent...

The purpose of these acid muber deterwminations was twofolds (1) to
ascertain the paint forsulation limitatione of the resin .and. (2) to obtain
an indication of the auount of maleic achydride t.hnt. had eorbined in the
-reaction.. The acld nunbér of the resin vas very hic;h if the recin were to
bte used in formulations of the type that have been studied pfeviounly in
this work, Considerable reactivity wlith elther lead or zinc pigrentations
would be expected, The dntermi;:ation 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 reacted with the resin and was thus boucd 80 that
it vould not be extracted by water, Purther work almed at characterization
of the resin was not attenpted, sinee cuch studies were not regarded as
being within the scope of the present vork,
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¢ ¢, Paint Formulation Properties, Two types of paints vero‘

prenared from tho maleie resin according to the for:ulations shown delows

Fbmulntions with malele resing

o F-63 . p-Gs
PIGITT (Per Cent of Paint) 274 34.0 /
Rutile Ti0, 39.6 48,6

ZnQ ‘ . 2500 .

Mge 511, . 35.4 S1l.h
VEUICLE (Per Cent of Paint) TR.6 - 66,0

Maleic Resin (5% eolids) . 70,4

Mireral Dpirits : 13.1 20.0

Added Solvent (60 K-B) bo.T : 9.6
Yiedd (g) . - L2k ' 352
Crind (15S) 3.0 4,0
P.Vt'-;'o (‘;’) : 30 30

- These paints were prepared by pebble milling for about 16 hours,
The Added Solvent was introduced at the end of the grinding period,

Fornulation F-63 golled in the mill during the grinding period, The ex- -
cessive solvent shown in the fornuletion was used in an effort to dissolve
the gels This effort vas uncuccescful, and the palnt wvas coupletely un-~
ucable, Formulation P-Gh was prepared successflly; however, after several
days? .storoae in a paint can, it alio gelled end was unusable,
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4, Conclusions

A mixture of Pliclite 8-5, Sentlcizer B-16, and maleie anhylride

may be ;'eacted to forn a viacous liquid product having a as‘tiafnotory color,
The acid number of this product is approximately equivalent to the acid in
' the added releic anhydride. As prepared in this work, the reastivity of
- the molelc 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. FINAL CQNCLUSIQHS"

1. The duradlility of oil-hased exterior house paists has not been
equaled cor approasched with formulations based Qn Pliolite 8-5,

2. Weustherowcter studles were found to be unsatipfuuior; for Plio-
lite paint evxlxatiou. | |

3. The duxubllity of Pliolite £-5 fbr ulationn is enhanced by the
‘nddition of plasticizers; 4O per cent of B&ngicizer B-16 in the nonvola-
tile vchicle represents the buat coapoultlon that vis studled,

| h, P.V.C,'s of 20 . to 3U‘yer ccnt yield the best perfor-ancge for
Paiolite paintn on exterior wood.

5. Irm thc fornulations studied the replecement of zZn0 with BCWL
ioa 8 volime bagis wag fOLnd o pzoducc a glightly nore durable paint film,
6, The addition of fatty acids to the vehicle of the Pliolite palats
studied wa3s pot beneflcial. L

T Antiqxidants and an?mcldu vere inoffactive with respect t6 dura~

bility. Wingotay 9 was obzcrved'io act as o grinding aid,

. B+ Btudy of a variety 6f vehicle additives in elear blasticlzed
Pliolité 8-5 filuma éid not fndicate utility for any additive exc&pt jooel. B
" 8ibly tung oil. In pig-ented ayuﬁem, the tung oil ndditive wup shown
to enhance adhesion over spring wood, although it 414 not irprove gereral
perfornance. ,‘ |

9. Malelc-treated Pliolite 5-% was vnuucce?sful as & paint vehiele;
the plgrented system gelled. This was presumed to ba'naﬁued by the high

acldity of the vehicle,
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V. RICGLIENDATICHS

1+ Purther foreulation ctudles of the tyne cond.cted in thic work

with Pllolite 5-5 vre not recon ended, 4exccgt »ousuibly for special work

~with additives that =ny be expeeted to have particulur rerit,

Baced on the results of this study, it would appesr that tiw'proper-\
ties of Pliolite 5-5 are not w:il suited for upplication as a veﬁicle ln"‘
exterior paints for wood. None of the additives or plosticizers studied
va: fourd to be capadble of modifying the properties of the Pliolite suf-
flelerntly to produce the required éharacteriuucﬂ of sdheslon, f£ilm flexi.
bility, end gtrength, Acother perious limitation is in tho fact that
Pliolite paints are essentinlly lacquer-type systers. Because of the high
volatile content that must be carried by a Pliolite paint at 30 per cent
P.V.Ce, when this paint is applicd at o reasonsble wet-film thickneas, only
about one-hialf of the &ry-film thickness of o co:npfu'abie 0il paint of simi-
lar P.V.Ce and wet-film thickness cun be attoined, On a ﬂl:a-thiékneaa
basis, this would rean that & Pliollte paint should be eapable of out-
perfornizg an oil-base paint two to one if it 1s to be capable of corpeting
vith the conventional product, At thir ¢time it docs not appesr likely that

guch performence will be nachieved,

2. A more coplete study of the malele treatrent of Pliolite £-5

15 reconcnded,

Tre ut;ldics of malele treatment conducted in this work were limited
t0o a gingle experisental run and were therefore very inconclusive, RNevere
theless, it wao very dofinitely indicated that vehilale-pigment reactivity
could be nchieved by this meang, and additional studies using lover raleie
concentrations right dovelop wodifications of Pliolite 5-5 having superior
propertiez,s This prodﬁct might have applications in exterior house paints,
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but would by no mears be gonfined to this field., The characteristics of
such & resin showld inelude better adheuion because of the polarity of
the rolecule eand utrom._;e;‘ £il=s because of‘the £iln reinforcing effect

resultiné from pie;:;cn"o—vehiclo reactivity,
Reapectfuliy submitteds

Raymond Twoke, Jre v
Recearch Engincer

Avoroveds

Y T -

' 7
Fred Ve Cox, Asclutant Director (Resesych)
Engincering Experizent Statlion
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