Twenty Five Years of Paint Testing®
M, Van Loo
The Sherw n-Williams Campany, Chicago, Illinois,

The span of years marked by the twenty fifth anniversary of the Divisien
of Paint, Varnish, and Plastice Chemistry of the American Chemical Society
has witnessed a tremendous advance in the wuality and general utility of
organic finishes, This advance has been due in no small degree to a con-
siderable elaboration and refinement of testing technique,

In many ways it is difficult to differentiate batween cause and effect in
the parallel improvement of both quality and test technique., Thke primary
functions of paints, varniashes and lacquers ars protection and/ox decora-
tion, As an incrsasing number of usages for such coatings were developed,
it is a naturel corollary that methods of test had to be engineered to
ascertain the capacity of the finish to meet the requirements imposed, At
the same time, the wider scope of application and performsnce character—
istics which could be determined led to a greater appreciation of the
vergatility of the material, This in turn opened a brosder vists of po-
tential usages. Thus the contribution of the test chemist and the test-
ing engineer, both in control of quality snd in expansion of usefulneas
of protective and decarating costings must be recognised,

Propgress in Testinpg Technique

The term "testing" has three connotations: a review of things thet have
already occurred; an inspection of the current situation; and on the dbasis
of knowledge of all available faots, a prediction of the future. Teating
as it applies to paint technology has several aspects:

(1) In formulation, the determination of the characteristics of a
finish which fix its particular niche in the protective and
decorative field,

{2) In production, the determination of the level and unifarmity
of quality compared with a standard set up far that material.

(3) In development, the analysis of service and durability records
upon which asy be predicated improvement of the product,

(4) In research, the combination of findings from all such tests,
giving an insight into the complex structure of the paint film,
which is essential to all progress.

Testing in the peint industry certsinly was not a new develomment within
the past twenty five years, It is true that since 1922 thare has been a
large incresse in the mumber of chemists, chemical engineers and techni-
cians employed in the paint industry, and the ilmportance of the test
chamist and tast engineer has incressed proportionately. However, much
st11l remains to be done, as was demonstrated in the 1945 report of the
Dallas Paint and Varnish Production Club, covering a survey of methods
used by paint msnufacturers in testing paints and varnishes, (1)
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%1) Official Digest, Federation Paint and Varnish Production Clubs
263, 653, 1946 .

Cut of approximetely 290 laberatories reperting, soms 13% still did not
test their production for such fundamental properties as fineness of grind,
woeipht per gallon, consistency, trushing and flow characteristics, opacity,
color, gloss, hardness, etc., or did so only when such tests were specified
by the consumer. This means, however, that 87% of the paint manufacturers
run such teste as a matter of routine. Volume-wiss, the proportion of
paint which receives regular and careful inspection and testing is un-
doubtedly much higher.

Gardner's "Pnysicel and Chemical Examinstion - Paints, Varniskes, Lacquers,
Colors," now in its tenth edition, has for the past twenty five vears been
the outatanding compllation of teat methods employed by the paint industry.
The first edition was published in 1922, the second in 1925, with succes-
sive editions appearing at frequent intervsls up to the tenth of 1946,
Therefare, this outstanding work covers precisely the period under consid-
eration, A review of tha various editions as they appeared affards in
itself a plcture of the progress in technology and testing technique,

This division of the Amarican Chemical Society haa made mmercus contribu—
tions to the present knowledge of paint testing., The American Society for
Testing Materials, especislly Caamittee D-1, has esteblished methods of
teats which are accepted standaords for material suppliers, producers and
consumers of coatings, The member clubs of the Federation of Paint and
Varnish Production Clubs also have contributed much to the current knowe
ledge of testing in the paint industry. Fedaral snd other governmental
or military purchasing sgencies and industrial consumers through compo-
gition or performance specificaticns pressnt a wide range of pertinent
tests, The literature constsntly adds new methods of test or refinement
of current technigue,

The testing of industrial finishes was discussed in detail in a Symposium
on Paint and Paint Materials, sponscred by the American Soclety for Testm
ing Materials in Philadelphia in February, 1947, 4lso, the Buxton Con-
ference of the 011 and Colour Chemists' Association held in England in
May, 1947 had as ite general theme the assessment of paint performance,
While some of the discussion applied to trade sales types of paint, cone
gideratle emphasis was placed on the testing of industrial finishes.

A conplete review of all test procedures applylng te the compoaition,
develoment ar formulation, and the performance of protective and decora-
tive coatings is nelther necessary nor feasible within the scope of this
paper, However, since the field of exterior house paints is one of the
most widely explorsd in all paint technology, it will serve as an example
of the contribution of the test chemiat and testing engineer,

Progress in Paint Formulation - The improvement in performance and gervice
qualities of exterior house paints over the past 25 years has been exten-
asive, See Figure 1. The four photographs illustrate the comparative ap-
pearsnce and durability of twoecoat systems of reprssentative white ready
mnixed house paints of 1927, 1935, 1940 and 1943, all after four years!
simultaneous exposure., The paints were all on one continuoue dbosrd of
white pine siding, exposed south vertical in suburban Chicago, Illinois.
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The 1927 paint is representative of the 60% lead, 30% zins oxide, 10§
extenders paint of that ers, Such paints tended to colleot dirt which
was then shed unevenly, snd the fila failed by checking and aracking.
By 1530 titanium pigments were being used in conjunotion with lead and s
sinc pigments and extenders, with the titanium usually introduced in
the barium sulphate sxtended farm, By 1935, titanium axide plus se-
lected extenders was replacing the titanium barium pigment to & cop-
sidersble extent, Appearance qualities bad improved, due to the brighte
ness, opacity and chalking tendencies of ths titanium axide, and dura-
bility had been sugmented, By 1540, specialised house paint undercoat—
ers were widely used, and the pigmentation of the top ccat had moved in
the direction of higher titanium and extender content with smewhat re-
duoed lead pigments,

Up to 1943, pignent-volume-concentration usually was held at about 28%
to 308, VWar time shortages necessitated conservation of drying oils
and led to the use of increasing propeartions of bodied oils, with less
total bdinder, The pigment-volume-cmosntration incressed to approxi-
nately 36X, The net result was a better house paint in such important
qualities as flow, drying, and reduction in dirt colleotion, ohsciking
and cracking tendencies,

The stesdy mrogress in protective and decorative properties of house
paints illustrated in Figure 1 was asde possible %0 a considersble de-
gree by the progress in methods of testing, Ths backbone of this test-
ing was actusl cutdocr exposures - panels, house tests and other forms
of field testing, There is probably no other type of paint coating in
which durability over a2 span of years plays a more impartant role,
Since house paints have & lifa expectancy of savaral years, tests which
expose the paint to the westhar in much the same fashion as in regular
service are necessarily laporious and time consuming, The improvesent
that has been made in house painta in the past 25 years has sxtended
the time required for sxtericr exposures teo show significant failwres,
Hence paint durability testing contimues to oconsums more and more time
and progress beccmes slower and slower, When the tesi chemist faces
such a situation he tries to devise special laboratory tests which will
give him in a shart time the same results which he would get an longer
normal sxposure, 80 far there has bean no such bappy solution to the
problem of testing exterior house paints,

Exterior housa paints are exposed to sir, sunlight, wind, various degress
of hmidity, dew, fog, rain, slest, ing, snow, various and varying tem=
peratures, dirt, soot, and in some ceses industrial gasse, mildew, salty
atmosphears, eto, The severity of these conditions changes from day teo
day and year to year, A4ll of these states of weather influsnce both

the initial drying and the service psrformance of the paint, Other feo=
tors exclusive of weather or ommposition include the wood or type of
repaint surface on which the paint is applied, film thiclmess, dirsotion
and angle of exposure, to mention only a few,
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/&-mo bas pointed out that the properties of wood that affect paint hold—
/’ ing charscteristics include density,(2) texture, content of resins, oils
and

(2) Brm., ¥, Lo, U. s. D.Pt. ‘g'.) Misc, Pﬂb. ¥o, 629. 1947

moisture, and defects such as knots, Siding varies in annual ring struoture,
distribution of spring and summer wood, direction of grain, whether the sur—
facs in bark sids or pith side, whether high- or low—grade, sto, Thus it
becanes apparent that even in the selection of the substrate the paint test
chexist faces & difficult problem to achieve any degree of unifarmity, which
is essentisl if valid comperisons may bs made bstween mexbers of a seriss or
betwesn series, When in addition he attenptis to set up special conditicns
to cover all the possibilities of variations in applicaticn and atmospherio
exposure conditions, the task beccaes an extremely difficult ons,

Labaratory Tosts to Accelerate Weathering

For many years paint testers have used various labaratary devices caloulated
to socelsrate the weathering of paints, There bave been two schools of
thought in the development af such apparatus, One school has assenbled

ths various weathering factors in a tank, intensifying same without being
able to intensify all of the fastars, The resultant gccelersted weather-
ing was of necessity scaswhat unbalanced, thus detrecting from the valid-
ity of the tests, The sesond school of thought attempted to subjest the
teat specimen to the various weathering factars one at a time snd te cope
bine the results in smme suitable manner to indicate s messure of durabilse
ity or service performance, While again this seccnd sprroach represents

a departure from oonditions of normal usage, it has proven useful in ths
teating of oertaln types of finisheas, especially in the industrial and
asutanotive fields, The measure of success gained in evalusting such fin-
ishes should encourage further investigation of the value of ths same aprroach
in houss paints, Camparative dats will have to bs accumulated to provide a
background of sxperience, but obvicusly a start must be made scme tims to
gatber the nsocsswsary factusl base material,

Carbop Arg Iype Exposure Apparatus — Devices of this general character
refresent developments of the first school of thought and have been in use
for many yesrs, (3) (4)

- - -

(3) Nelsom, H, A, and Schmuts, ¥, C., Aa, Sco, Testing Materials,
Proc,, 22, Part 1I, 458, 1922

(4) Nelson, H, A, and Schmuts, ¥, C., Am, Soo, Testing Materisls,
Proc,, 24, Part II, 920, 1924
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2% fn e types nost widely used, the paint filas are radisted with ultra-
2 %" Ayjalet light fros mercury vapar or oarbon arcs, usually the latter, it
< intervals the films ars subjected to thersmal shock and moisture pene-
tration from & water spray, plus additional thermal shock and the streszas
7 set up by the expansion on freesing of the water retained in the filas if
/ refrigeration is used, RExpansion and contraction due to the alternate
soaking and drying out ocour at various stages in tha oycle, The inten-
sity, smount, and rage of radiation, ambient temperature and humidity,
panel temperatures, thermal shook and degree of moisture penetratiocn,
rest periods and the relative time distribution of test conditicns during
the cycle are deterained by the design and operaticn of the machine,

Thus it appears that such devices introduce a large number of the test
fastora present in natural weathering and it might bs anticipated that they
should permit prediotion of performance in aotual service. AMlthough they
bave been in use for over 25 years, there has been no unanimity in that
conclusion, especilally in the testing of long oil extericr paints. (5)

(6) Thers 1s still no agreemsnt as

(5) aa, Soc, Testing Materials, Proc., I, 366, 1936
(5) Mat, Paint, Varnish Laoquer issoc. Sci. Sect. Circ, 671, Petruary, 1944,

to the best cycle to reproduce natural weathering, Failures to ccrrelate
acoelerated test results with outdoor exposures, or tests run oo identical
naterials by different cooperatars, cr to classify wvarious classes of ex-
terior finlshes in their aotual crder of exterior durability or colar re-
tention, etoc. in some instances have been ascribed to failures to duplicste

test conditions precisely,

The Cleveland Paint and Varnish Production 6lub has been active for a num-
ber of years in an investigation of carbon arc machine operatioms, (7) (8) (9)

(7) Oofficial Digest, Fedsration Paint and Varnish Produstiom Clubs, 250,
454, 1945,

(8) Official Digest, Federation Paint and Varnish Produotion Clubs, 262,
515, 19‘6.

(9) An, Paint Jl) 32, Ne, 7—30 8, 1947

They found that a satisfaotary correlation of such devices in the Claveland
ares and duplication of Niaml, Florida test fence exposures did not extens
to arc cabinets yun by cooperatars more widely distribtuted geographically,
who were not all confined to the Clevelarnd area, using the saas water supply,
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‘ ey found an apparent necessity for sdjustment of water supply, duratiom
sf water sxposurs, maximus tempsrature and duration of nearly maximum teap-
perature, to achieve unifora machine cperation in varicus yarts of the
country. They infer that sfter such sdjustments are made further coopara—
tive work must be done before any statements can be mads a8 to whether
there is a carelation with Flarida results,

Thera are two prinaiples of acosleration as far as laboratory weatnaring
tosta are concerned, First, it should be possible to intensify the
weathering factors sc that visible failure cacurs mare rapidly than under
sctual service conditions, Thia is the scheme used most widaly, Second,
it should be possible to dimgnose the detwrioration of the finish urder
test at an earlier stage when visible failure is not spparent., The Cleve-
land Club'’s efforts in the latter direction have been interesting and have
net with same zuccess, In addition to the observation of the usual loss
of gloss, challkding, checking and color changes ss ariteris of the effects
of weathering, they checked additional properties such as distensibility,
adhesion, scrape hardness and rusting on the metal panels used in their
tents.

The American Sovoiety for Testing Materials has Tentative Specifiostion D 822 =
46 T, "Tentative Recommended Practice for Operating Iight and Water Exposurs
Apparatus (Carbon-iAro Type) for Testing Paint, Varnish, Lacquer and Relatsd
Producta,” (10) It apecifies the types aof carbens, messurement and control

of

- e

{10) M=, Soc, Testing Materials, Standards, Part I¥, Nometallic Materiasls -
Constructional, 1614, 1546,

current, voltage, tamperature of panels, tamperature and pressure of the
water spray, rotation of the test speciments, and the operating cycls,
The specificationa for the water other than temperature and pressure are
quise genaral,

Hollis (11) points out that it is desirsble that a light scurce be

(11) Hollis, H., J. Oil Colour Chemists' Assoccs 30, 431 (1947).

developed which (1) is constant in cutpus, (2) gives a fair proportion of
light in the wave band from 2900 - 3300 4 but little in the extreme ultra~
violet, and (3) does not vary in intensity during use due to fouling of

the glame globes or filters by degradation products, Corex D glase globes
show a relatively sharp cut-off of wave lengths below 2900 X, reascunably close
to the low limits of solar radistion after passing through ths earth's
atmosphere, at about 2950 X, (12)

(12) Coblents, W, ¥, and Stair, R., B, of 3, J, of Res, 3, NWo, 5, 629,1929
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e " 1,8.TM Specification D 822 - 46 T (10) oalls for the replacement of the
glass rilters (globes ar windows) after 2000 hours of use, or when Rronounced
. discoloration or milkiness develops, Filters must be washed sach day with
4 detergent and weter, Thus it would appear that the radiation factars are
/ susceptibls 40 reasonable control,
/ A rather general oriticism of carbon arc machinas is that undue emphasis is
! placed on chalking tendenciea at the expense of checking and cracking,

sspecially in long oil paints, (§) (11) There is a growing realization
of the part moisture plays in causing destruation of the weathering fila,
(9) Wirshing (13) found that plotting the monthly mean taaperaturs and
the percentage relative

(13) ¥irshing, R, J., Ind, Eng, Chem,, 33, 234, 1541,

humidity at Miami, Florida mars pearly approached the failure curve of auto—
motive lacquars axposed at that point than did the radiant energy curve,
There le¢ a general trend te revise carbon aro sachine cyoles te prolong the
water spray periocd so that the paints beooms thoroughly soaked with moisture,
It is belleved that the sequence of swelling during the wet stage of the
cycle followed by oontrsotion on drying out will accentuate rupture of the
£11m, and in conjunction with scme ultraviolet radistion will simulate more
olosely the fila failures which result fraa normal weathering,

House Paigts in Carbop irg Unitg. = A definite quesiion in conducting
oarbon arc tests to accalerate weathering of long odl air drying house

psints is when to initiate the test, (11) 7ilms which reach meximum film
strength quickly, such as those which dry by sinple loss of solvent, or
baken finishes, presuzably may bs subjected to aocelerated tests relatively
Quickly, EHowsver, slower air drying films such as house paints poss another
problem, As scon as a paint is spread on a house two sotions are initiated,
One Ls ths drying of the paint in which cxidation and polymerisation and
sol to gel transformation ooour which give the film strength and resistance
to tha elements, It is known that these [rocesses cantinue for & long
period eventually lsading to unfavorable fila qualities, suab as loss of
elasticity, Alaso as soon as the paint is applied, the destructive forces

of the elements start their attack, IV is difficult to fix the point at
whioh the balance changes from the positive to the negative side,

D 822 —~ 46 T Specifiecaticn (10) oalls for a drying period of seven days for
"narsal drying paints,® This would appear insdequate for house painte, but
it is appreciated that if too much time elapses before the film may bs con-
sidered properly conditioned to be placed under test conditions, the main
point - that of accelerating the development of normal failure - is lost to
s degree, A revisiom of the early stages of the exposure to reduce the
asverity af ultraviolet radiation and operation at lower temperatwre to
avold distortion of polymerisation processes is worthy of consideraticn,
However, this is often inpractical in apparatus which 4is used simultanecus-
ly for various types of materials and groups which ars started at different
times, Cost is a consideration in addition of sufficient instrumentation,
Alsg, the proper proportionstion of attacking faotors over ihe entire
range of the testing oyole has not been determined,
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-Bo far thers is no dats avallable on the results obtained en apparatus in
which all the means of control on the light source, water, and other fao—
tars are employesd, and tbe optimum aycls is utilised, As reported in the
Cleveland Club investigation, {9) when such instruments are available and
properly bandled it should be possible to carralate results between dif-
farent machines, The questions which still would have to be answered are
whether ocats can be held within limits and whether thare would then be a
ocrrelation with natural weathsring results,

idocr Durgbility Tests

Until fully dependable methods of acoelerated weatbering tests ars devel-
oped, the paint teohnclogists and testers must rely on time ccmsuming out-
door tests, The technique of ocutdoor paint testing has been improved con-
siderably in the paet twenty five years, Zarly tests were often applied
without too mugh regard for spreading rates snd film thicikness, or type
and uniformity of wood surface used, A rather common practice was to ax-
pose the paints on flat boards at an angle of 45° facing south, often st
only one geographiocal locatlon, with Flarida a rather popplar sslection,
It has been pointed out that exposures at 45° south st times do not simply
accelerate ths normal weathering of house paint exposed vertically and nmay
sotually dietart the perfarmance in regzular service, (14) (15)

(14) *Phnotographic Supplement to 'Leaves From & Paint Research Notebook, '®
Mew Jersey Zinec Co., 1938,

(]5) Troutman, R, E, and Vannay, W, G,, Ind, Eng, ch‘np 32, 232, 1540,

Todsy, most house peints are exposed an lengths of beveled clapboard sid-
ing, mounted in the regular manner, which means that the paint surface is
actually slightly off the vertical. Much greater differences in dirt col-
lection and cleaning are shown on the slightly angular bevelsd siding than

on strictly vertical boardss, (16) As s consequence, strictly vertical expo-

sures ars aveided

- o -

{14) Vannoy, W, G, Offieisl Digest Federation Pasint and Varnish
Produotion Clubs, 235, 177, 1944,

except for special types such as tria paints, whose major ysage would bde
on such surfaces, FNarth vertical exposures on beveled siding are partiocu-
larly useful in studying dire¢ collecticm,

Pangl Bxposures — There are seversl good methods of panel axposures, A
desoription of all ths methods and an analysis of the sffects of the
variations in techniqus are beyond the limitations of ths paper, There-
Zore, without prejudice to other methods the discussiocn will be limited
to those employed for the swvaluation of extericr parformmce of house
paints in our own lsboratory.

Three-foot sectiocns of 6~inch ar 8-inch beveled aidzl.ng are selected for
wmifornity of wood charscteristlics within the series, The speocies used
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post are edge grain Western Ked Ceaar for Group 1 wood, (2) White Pine for
group 2, especislly in checking suall differerces ir performance of high
grade paints which might not be datected on wooda of such good paintabile
ity as cedar or redwood, and Yonderocsa Pine for Group 3 woodse Suuthera
Yellew Pine, as a Group 4 wood, is now used only in speoial studies of
painting systems for that wood, due to difficulties with warping when
beveled siding of regular thickness was used,

The paints are applied by brushing at controlled spreading rates, prsfarably
in an enclosud paint shop at the exposure farm during tho outdoor painting
seaaon, Veather conditions, tempersture and husidity at the tine of paint.
ing are recarded, The wet panals are then moved to the adjacent drying
roca which is roofed but open to the weather on two cides except for
cheesecloth to keep off insects. If the weather permits, the panals ars
then mounted temperarily on southern exposure for the time remaining bu~-
fore recosting, The next coat is usually applisd two days after the
previcus coat in good weather and mreferably within four days under any
circuustances, Tha top coat is then allosed to dry until it has herdened
sufficlently to acoept stenciled identification, It is then ready to be
placed on the fence if it ia to Le exposed locally, or a saiies of panels
may be boxed and shipped for exposure elaewhere,

Such panels as must be painted indoars during winter months are given two
hours of radiation in & special twin arc cabinet for each cost, This is

done to simulata the beneficial drying effecta of sunsihine which a paint

receives outdoora.

Ranpe of Tests = Since the wood charactaristics of any one pamel will not
duplicate recisely those of any other psnel, conclusions based on the ro-
sults obtained on any one panel must slways be suspect, Ela (17) has pointed
out that

- oo

(17) Elm, A, C., Am, 300, Testing Materials, ASTM Bull,, 142, 7, 1946,

probleas of this nature can be solved by s multipliostion of tests on a suf-
€iciently extended scale and the application of statiatiosl methods o the
exposure results, There has baen a considerable incresse in the application
of statistical methoda to paint testing in reoent years, and a further in-
crease ia %o be anticipated,

As mentioned earlier, weather 1s not a fixed constant, — rathear it varies
from ssason to sessco and bas wide fluctustions in temperatures, precipi-
tation, sunshine, etc,, from year to year, 7Tests run for relatively short
periocds of time will yield different results depending on the season of
exposure, o« they may not be representative of average bshavier at that lo-
cation because of unusual weathsr oonditicna, Since house paints are usual-
1y kept on exposure far several yesrs, daviations from the mean in weether
conditions terid to csnoel out, However, the effects of wide deviations will
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vary according %0 the point at which they ecour in the test period, There-
fors, it is necessary to rua repsated sxposures before the normal perform-
snce can be determined reliadbly.

Reoognising the possibility of srratic behavier of a piint¢ o any single
panel, whethsr dus to wood, application or mannsr af exposure, a gunide sec—
tion is spplied on every panel, A paint whoss normal behavior is thorough=
1y understood by an adequate background of exposure sxperisnce is applied
or 1/3 of each pansl, Ths test paint is applied on the remaining 2/3 of
the panel and 1its performancs is rated with regard to the guida on ths same
panel, 7The broad sxperience with the guide also permits allowance to be
mide in oase unusual weather conditions are eucocuntered,

A multiplicity of pansls is always desirable and duplicate or triplicate
panels are used for critical tests, It is recognised that this does not
give a broad base for statistical svaluation, Bovever, a working farm
must cover such & mase of problsas that there is a physical limit to tha
number of pansle that can be [reparsd, mounted, and examined, For most
tests the problem is handled by the use of the guides and multiple expo-
sures, Usually this involves exposuras south and narth vertical 4n subur—
ban Chicage, Illinois, south vertical at Coffeyville, Kansas, and south
vertical at Miami, Florida, The use of both edge grain cedzr and Ponderosa
Pine or other combinations further multiplies the units of tests, and in
total cover a wide wvaristy of pansls, gecgraphical disiribution and direo—~
tion of exposure, Operating in this manner, experisnce has shown that the
average psrfcrmancs of a paint may be evaluated with suffiocient roliability
t0 allow national sals in large volums with safety.

The panels are mounted cn a vertical fence as ehown in Figure 2, They are
held against conventiocpal studding by a fitted olamp, with an enclosed air
space of 4" depth between tLs panels and the echiplap backing. A double
fence permits axposures both to the north and south, Readings are made and
recorded at regular intervals and weathar conditions are slsc recarded as
an essential part of the sxposure histery,

Yapiations in Exposyre Recults — When judgment so dictates, the panels are
called in from ths several axposurs locations and jointly examined to get
ths over—sall picture of performance, It should be pointed out that Florids
exposures do not simply acoelerate the incidsnce and developmant of film
failures which appear in the mare northerly exposures, nor do the Kansas
exposures simply lie intermediaste, In general, the Florida punels tend to
accsntuate ochecking and oracking tendenciss, with scme suwrfsce flaking and
erosion & minor failure, BSuburban Chicago expcsures show relatively little
checking and crsoking in better grade house paints, but erceion tendencies
are aggravated,

Tigure 3 shows companion exposures of five years' duration of the same paint,
at the three locations, sll south vertioal, Magnified areas illustrate the
type of fallure at each location, 4532 C, the Chicago panel, shows the re-
sults of sctive chalking leading intc ercsiom, sspecially visible at ths

brush marks, Thers is no characteristic chacking and very little cracking,
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7 oun 3B the very thin spots. 4532 COF, the Goffeyvills, Kansss panel,
Aows very little ohalking and no erosion, but well devsloped cracking
slang the brush markse 7The elliptical cracks are marks from hail-stones,
4532 7, the Miami, Florida panel, shows some surfaoce pitting from chalk-
ing, and oracking slmost equil to the Kansas exposure,

The fact that such differsnces exist has been proven by many exposures,
using different paint systens, differsnt species of wood, with pansls
painted and exposed at different times of tha ysar, Why such differences
cccur is by no means as clear, They would appesar to involve the total
amount of ultravioclet sbacrbed by the paints, ths temperatures of the
films, the amount of moisture absorbed and how long euch moisturs is re-
tained, the expansion and centraction due to temperature changes and slter—
nate soaking and drying, and similar faoctors, However, the precise reasons
why the weather conditions at one point aocentuate checking and at another,
srosim, remain obsoure.

fhicago had approximately the same total hours of sunshine as Miaaml ir both
1946 and 1947, for example. The angles of incidence of ths sun's rays, of
course, were different, The average temperature in 1946 was 51,8° F, in
Chioago, 60° in Coffeyville, Kansas, and 75,4° in Miami; in 1547, 49,3° in
Chicago, 57° in Coffeyvills, 76.1° in Mismi, The extremss in temparature
in 1546 ware ~3° P and 100° {n Chiclgo‘ 7° and 107° in Coffeyville, and 450
and B9° in Niami; in 1947, -2° and 101° in Ohicago, =7° and 105° in Coffey-
ville, and 35° and 89° in the first eleven months in Miami, Total precipi~
tation 4n 1946 was 31,88 inches in Chiocage, 33.15 inches in Coffeyville, and
75446 inohes at the Miami exposure fisld; in 1947, 39,21 inches in Chicago,
31420 inohes in Coffeyvills, and 79,30 inohes at the Miami exposwrs field
for the first eleven moaths, The ocomparstively beavy preoipitation at the
Miani axposure field and higher awverage temperatures would mean relatively
higher average moisture contant in the air than in Ceffeyville ar Chicago,
However, infoaraation on how long the panels at the variocus locations remain
wet after parlods of precipitation is not available in this instance, It
is apparent that the relation between weatber and paint performance nesds
more investigation, 7The cbvioua question aleo arises whether acoelerated
weatbering devices should be designed to simulaie results of narmal axposure
in Mlarida e at other points having wesathsr representative of arsas with
larger paint oonsumption,

Since repaint wark i{s propartionately suob larger than application on new
wood, & relatively large number of panels are an exposire constantly,
utilising standard paint systensa, This affords a backleg of surfaces for
repaint studies, which othsrwise are handled in the usual manner,

House Testg — Whan specific paints have shom sufficlent merit to deserve
further evaluation they progress from the panel stage t0 the final step of
£401d testing -~ practical house tests, im locations selected over the sntire
country, Houses are ohosen on the basis of representative oonstruotion and

condition, with a knowledge of reviocus paintings if repaint wark., Relative-

1y open sxposurs is referred unless studies such ss mildew, blistering or
peeling, perfarmance over knots and similar special conditions are the ob—

Jeoctive, The house surfaoce is usually divided into sections using controel

ar comparison paints, The painters'! oomments, weather oonditions, spread-
ing rates, drying, gloes and f£inally service perfoarsance are recocrded,
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_"’;:‘ It is cbvicus that when house paints have survived such rigarcus testing,

consumsr protection is much greater. 7The test chemist and teating engineer
pave not only contributed to paint technology btut to the development of bet-
ter paints which are msde available to the general public, However, it
should also be pointed out that the rocedure is too labarious and time
consuaing, and improvemsnis whioh should hawe besn made in paints, to ths
bsnerit of the publis, have Deen unduly delayed, Therefors, further ntudy
of mthods of accelerated tesiing is not only desirable bui mandatory,

It is sntirely possidbls that the present instrumentation and techaigue
will serve as the foundation upon which completely satisfactory methods
will be built to evaluate all mroperties of the paint, including untimate
durability. There s still much to be lesrnsd about ths intarnal strue-
ture of the fllm and tha ohangee which occur during its life cycle.

Long (18) has shown intsresting

- -
.

(18) Leng, J. S. Offfcial Digest, Pedsratiom Paint and Varnish

possibilities in the study of absorpticn ¢f light by clear films, particu=
larly in the untraviolet range, as & measure of decomposition reactions
and tharefore a measure of durability, It was planned to examine both
acrmally dried films and filmes whioh had besn weollen with water after
they were thoroughly drisd, In this way the influsnce of water as a
factar in influencing ultraviolet absarption, and consequently resctima
and decomposition, would ba measured,

Further studies of pigmants, extenders, particle eise distribution, sur—
face aress, binder requiremsnts, oritical pigment volume omncentrations,
wetting, dispersion, cosposition and the chemistry of binders, distensi~
bility, moisture permeability and many other faotars are indicated, The
axpansion in research and testing will ocontinne, and the responsibilities
and the contribution of the test chemist and testing engineer will increase

ascardingly,

What ia true of house paints iz equally true of 2all types of mrotective and
dsoarative coatings, The improvement in guality of finishes is alwsys
paralleled by a companion improvemsnt in methods of evaluation and teste
ings There is no question dut that the progress made during the past twenty
five yeara will be dgarfed by the pregress which will be made in the next

quarter century,
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