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 LITERATURE SURVEY ON Accm;mmn WEATHERING

Introductiono

This report consists of two parts; the first is a
eritical summary of the literature on accelerated weathering
published since about 1922, with speclal emphasis on Che more
recent papers; the second consists of a brief summary of each
of the more interesting papers. A complete list of references
follows the report. : : :

At present a paint product is evaluated by exposure
to the elements in one or more localities for an extended period
of time, usually at least six months. The lmportance of shortening
this time between formulation and evaluation need hardly be emphasized
in this dlscussion.

$mma:ry H

Beginning 1n 1922, H. A. Nelson, at times in collaboration
with F. ¢. Schmutz and D. L. Gamble, published the results of some
of the first systematic work on the subject of acezlerated weathering.
Since then many papers on the subject have appearei, but the problen
has not yet been solved completely.

It is difficult to arrive at any bagic conclusions from
the extant literature. The procedures have to & great extent been
necessarily empirical, particularly with respect to the measursment
and evaluation of film deterloration.

There are hardly any ways of neasuring apypearance variables
quantitatively, except for gloss. ﬁonaequently the attempt to
correlate the results of outside exposure with accelerated exposure
has been handicapped not only by the intrinsic difficultles of
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weather duplication but also by the lack of the proper tools for
evaluation. Thls fundaméntal difficulty probably accounts in large
part for the disagreement among authors presumsbly woriking in the
same way. ‘ '

. Ancther fundamental difficulty 1s the lack of reliable
information cn the results of outside weathering. This information
ls difficult to obtain for a number of reasons, the most lmportant
being the fact that the results vary with season and year. It appears
necessary to settle on some average weather, or perhaps an extremely
deleterious weather as a standard, and the weathering apparatus
should be designed to duplicate the effects of such weather. This
might be done for several localitles.

Films fail in several ways, the principal ones belng
loss of gloss, checliing or oracking and blistering. Loss of glogs
is perhaps best considered as an erosion, whereas checking and
blistering are associated with physical or mechanical failure.
The film may ¢rack because the accumnlated stresses in the film
have exceeded its cohesive foreces; it may blister or flake away
because of the fallure of the adhesive forces between ilm and
substrate. The stresges to which a film is subject arc due to

- such things as volunme changes caused by physical and chemical —

reactions involved in dvylug and weatheving, swelling of the fiim
and differential swelling between f£ilm and suostrate, and the
differential expansion of film and substrate due to temperature
changes.

Since fresh pajint films are quite distensible the
weathering process must modify, chemlcally or physically, by agents
such as water, light and heat, the elastic properties of the film.
When the f£1lm is thus modified further stresses are applied which
caunse breakdown,

To devise a satiefactory laboratory accelerated procedure
it 1s first necessary to ldentify the variables of the natural
weathering process and so increase thelr intensity so that breakdowns
will occur in the same way as in natural weathering. Some authors
have attempted to do this by a careful determination of the intensity
of the natural factors and then intensifying all the artificial
one proportionately. This is very difficult and has probably never
been accomplished; the fact that there 1s no artificilal light source
at present which has exactly the same gpectral distribution as
sunlight l1s one reason why exact duplication is difficult. But
even 1f exact duplication were possible it still aight not be
satisfactory. The consescutive stages of the overall reaction of
weathering will probably not respond linearly to variation in
intensity of the weathering factors, or perhaps one stage may be so
much slower than the rest that it hecomes rate controlling, thereby
distorting the entire breakdown process. Consequsntly it will '
probably be necesgsary to arrive at the correct combination of
weathering agents principally by trial and ervor,

The main discernible varisbles in the process of natural
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weathering are:

{a) Radiation of the sun of which the ultraviolet portion
(down to about 2900 A) is most significant.

(v) water
(¢) Temperature and temperature changes

v There are other probably less important factors involved
such as acidic gases: (1n Industrial acmnapneras},dust and dirt,
mildew, etc.

gay (57) has sumuarized some - conclusions deduced from
a survey of previous work on accelerated weathering, It 1s evident
that although numerous cycles have been devised, there is no
systematic data available regarding the behavior in the various
cyeles of a common range of paints of defined outside behavior,
Thus there 18 no firm basis of judgement &8s to the usefulness of
the different cycles. The general conclusions follow-

l. The dominant wavelengtha for £ilm breakdown lie in the
ultraviolet region between 2900 A and 3100 A. In industrial
atmospheres, since wavelengths below 3400 A do not penetrate, an
%ﬁporgznt part of the breakdown must occur by wavelengths greater

an 3400 A.

2. Ultraviolet radiation at zeroc or low humidity produces
less deterioration than at higher humidities or in the preseéence
of spray. Spray is more effective than high humidity.

3. Failure by checking or cracking is rarely observed at
zero or low humldity, but there is evidence that water treatment
after irradiabion may increase fine checking.

4. Low pressure oxygen treatment in ¢ombination with exposuve
in the weathering apparatus gave promising indication of correlatlon
in mode of breakdown by chalking, checking and cracking. No systematic
work has been reported on this variable. _ ‘

5. The application of watepr is most effective when it is
applied so as to penetrate the film and cause swelling for a long
enough time. The purity of the water used in many tests is usually
unknown; this may account for many of the varlaticns in the results.

6. There is some evidence that high humldity with dew
deposition is more effective than direct spraying of panels, but
fine water spray seems to be the best compromise in practical
apparatus. )

7. The rate of film deferloration attained in combined
ultraviolet radiation, water spray cycles increases with inereasing
panel temperature over a certain range. The temperature must be

controlled vo avold heat polymerization, which with some medie
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Light is a 30 inch mercury are.

3. V. G. Jolly |
- Journal Society Chemical Industry 41, 329 1933) -

In the weathering machine used here, the light source
consisted of a 30 ampere c¢arbon are at 75 volts. The c¢ycle consisted
of eighteen minutes of llght, then 2 minutes of light and cold water,
for 14 hours per day and 10 hours of rest. RFor & wide varliety of clean
and pigmented oleoresinous products, 1t 1s claimed that the test gave
fallure of the same kind and order as with outside exposure. However,
no quantitative relationships existed for nitrocellulose formulations,
and no correlation of the results was possible,

k. sward and Hart | - :

Seientific Section, American Paint and Varnish nanufaeturing
KéESE!E%TEﬁ“““EI¥5“37§ 4 Sﬁﬁ 1931

' The vresults of this work have been mentioned previcusly in
Part I. The low wavelength eres (therapeutic carbon and uviarcs)
did not cause checking with checking formnlatlons as did the
"Weatherometer® 13 ampere carbon arc and the "Sunshine" carbon are,
(and outside exposure) but the paint seemed to erode with chalking.
Thls could be caused by continual washing away of the chalk as it is
formed. For meterials which fail by chalking the “herapeutic ang
uviarcs cause more rapld fallure than the other light sources.

5, Cincinatti-Dayton Indianapolis Club

Scientific Sectlon, American Paint and varnish nafactur
ssoclation 66%6%3? 1930 ‘Eﬂ 1Q§

. The euthors found that there is a certain correlation
between various sets of outside exposures (ssme groups +f materials
~exposed in different sections of the country) and attridute the
discrepancies mainly to individual differences ané localized
climatic eonditions. It was also found that some matepials tested
under various types of accelervated weathering showed a certain
corrleation. However, there was very little or no corrzlation
in breakdown between the cutside exposure and the accelerated

expoaure .

Pive different tests were used, none of whicb were very simllar.
The usual cycle consisted of various combinations of 1ight, water
temperature and humldity. . One cycle included 1mmeraiog iu sodium
chloride solution. : \ K

@. 01nc%patt1~nayton 1ndianapolis club _
”i

Scientirie Section, Paint and Vernish manufaouuring sgoeiation
anuary K ¥ : ‘

Numerous cycles c? water Spray, 1ight, temperaﬁure 29@
bumidity were tried. very many contradictions and unéxpecte
results were found, but a few general results were observed.
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may greatly improve. durability or cauae decomposi*ion. 55°C. has
been suggested as a maximum working temperature ‘ -

. 8, Rapid teuperatura chaniies of wide amplitude result in
stresses which cause breakdown after elasticlty has been reduced
by wggthering. Sometimes this induces fallure by .checking and
gracling. S

9.; Refwigeration alone has relatively 11ttia efrect on rilm
deteriomation.

The main problem in the design of a aat ‘.sfactory accelerated
iweathering eycle 1s to obtain the correct balance of intensity among the
various weathering agents so that overall breakdown is accelerated
without distorting the form of breakdown. It is hoped that with
1ncr§ageﬂ knowledge and experiewce this balance will eventually be
reached.

MARSHALL LABORATORY

HLW oms |

6
YAt
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abstracts of Tmportant Papers

1, H. A. Nelson, F. C. Schmntz, D‘ L. GaIHbIB
A. 8. T. M. Proceedings - Vol. 26, p. 563 (1926)
Aecelerated Weathering: Further Development of Apparatus and

Exposure Cycles

. Conclusions from the study of accelerated weathering have
indicated that a flexible exposure system is desirable for obtaining
the most satisfactory results. fThe equipment descrlbed in this
paper is "designed to obtain the meximum of flexibility and still
be practical for routine testing". The different types of exposure
cycles thus made possible are limited only by the number of practical
combinations vhat can be made of the following:

1. 1ight (Mercury or Carbon Are)
(a) At controlled, slightly elevated tomperatures {140°%.)
(b) With 100 percent reletive humidity
{¢) With less than 5% relative humidity

{(d) In an atmogphere charged with active gases as, for
example, oxygen. S ’

2. Vater Spray .
3. Refrigeration (Temperature Changes)
The introductlion of silica gel as a dehvdrator, which
provides for humldity control without necessitating air conditioning
by refrigeration, ls interesting. , '

The use of additional oxzygen in the light exposure chamber
has facllitated the reproduction of the checking type of failure,

The average weather of 2 given locality is used to
datenmine the weathering machine cycle. .

The decreasc in the intengity of the quertz mercury arc
with use varies the effectiveness of the accelerated test.

No actual results ave presented in this paper. -

2. H. A. Nelson and F. C. Schmutz
Ind. Eng, Chem. 18, 1222 ('20)

The authors discuss their apparatus (See Proc. A. 8, T. M.
26, 563 (26)) and then go into a consideration of some fundamentals

governing its applications. ) ) )
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(1) Beat as an auxiliary to 11§E§

Too high a temperature reduces diatensibility too greatly
for correlation with normal weathering. Low temperatures reduce
rate too greatly.

(2) Humidity e | )

ILight acting upon water soaked film is the most destrustive
weathering combination. Nevertheless, most failure is accelerated
by high humidity followed by low humidity exposures. Weakening in
£ilm caused by high humidity shows up when 1t hes less distensibility
in less humid situation.

(3) Special Atmospheres with Lighb Exposnree

Increasing oxygen content from 21 to 30 percent increased
checking markedly. In addition generalized acceleration was found.
In pure oxygen the acceleratlon was extremely marked.

(%) water Spray Weshing

th mich actual acceleration of tha deterioration process
can be obtained in the water spray washing exposures representing
rain. The author distinguished this from effect of humidity.

(5) Temperature Changes

Materials of low original distensibility ave very severely
affected by stresses and strains resulting from temperature change.
Any system involving an excessive number of temperature changes is
especially severe on finishes of low distensibility. sSmall temperature
changes may be effective 1f & critical distensibllity is reached.

Hbgﬁhering Cycle Used

Monday Refrigeration o°r., ' 2 hrs.,
Tigne ggoFé (30% 0 2 e
| . - Llg °F. | 18 (16 wet, 2 &
Tuesday Water 2) 3 ( ! ¥
- Meene (30% & 5 (6
oL (30% Czygen atmos. 18 (16 wet, 2 ¢
Wednesday Ref. e ) 2 ( ’ ry)
Light (304 oxygen atmos.) 3 (wet)
Water 16
Thursday Ref. 2
Water 3
, . Light (30% Oy atmos.) 20
Friday Ref. : , 2
Water 3
Light (30% O, atmos.) i85 (wet)
Saturday Ref . ' . .2
WYater 3
cundey & Light (30% Cp atmos.) . 15
£:) Lo} " - !
Honday Light (30% 0p) 27 (24 dry, 3 wet)
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VA brief historieal review of accelerated weathering development
is given and the limitations and valuable uaea of the aeespted
methods of testing are deseribed,

An apparatus has been built with whieh some of the more
important features of "weather® can be varies &.3., intensity and time
of ultrayiolet lrpradiatlon, amount of water treataent and period of :
revolution of the test dvum. Attempts 0 increase the rate of
polymer degradabion by trestment of palnt films with oxyzen at
elevated pressures to accelerate its diffusion into the £1ims have
given promising results, Pilms subjected to the oxygen pressure
treatment deseribed have broken down in & manmer comparable with
that obtained outdoors. There are indications that & satudy of
the oxygen concentration variable will provide one of the most
hopeful develapments in durability testing procedure for painba

Company Literabuxe

10. Denninmgton, R. ¥.

The maehina consists essentially of a board mnving
vertieally to which the panels under teat are fixed and which
faces in turn a coid boﬁ, moist hot box and an ulirvaviolet lamp.
.As set up at the time, the poncle were subjected to the same period
T AR Gach fofiditions The weeulin indlcate that long periods in each
congivion { B0 miputes ot each station in the ordey cold-hot and
moist-ultraviolet) emphaslzed challing while short pericds (7 minutes,
game order of stations) in ecch coadition eumphasizes eracking., When
the order of the conditions weve changed (order ultravﬁolet, hct
and molst-cold) the type of cracking ehanged.

il. G. H. Weseott __
Da pont Co. mnwma m.v aian, Phila, Lab.11/22/39

TFEIURTIoN o Lcde athering pacnine Il Researoh
Report #4680 S ’ S

Work with carbon-arc instruments has been so limited that
no d@flr?te conclugiong cun be drawn., The earliler work showed that
they offer possibilitice Ter obialiaing relative checkir resiatance,
The pregent study has shown that differenees in the chalking
characteristics can be detected and appear in the same genersal order
as produced by normal exposure, but are not of the samemgnitude.
Possible uses for the carbon arc instruments ape (1) lndieation of
color retention or chalking characterlistics where time is a factor,
{2) bregldown of short oil enamels where sales needs reguire urgént

ction (3) evaluation of material from new sources of supply versus
an establighed gtendard (”) check on customers' or compebitors®
claims based on infoyma ion obtalned with accelerated units.
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1. Mercury are caused raster breskdown than carben arc,
particularly chalking. ‘

2. The mwercury arc alone causes chalking and dulling, but
no checking

3. Salt spray alone is not & very uaeful 1ndication of overall
durability. The same may be said for fni'rared expoaure -

4, The combination of salt spray, light and water does result
in checking,

7« Cleveland paint and Varnish Production Club

official Digest Pederation of Paint and vnrniah Productlon

This report may best be summnarized by the conelusions
the authors arrived at concerning the operation of weathering machines
to obtain check results between cxposures for a known Hime in Miami
and the machines. Four basic recommendations are made. The water

supply must be treated for purity, comparativaly long water gxgosure

is necessary, and a maxiwum temperature of 145°F. mast be maintalued
for at least one-hall of the t4Lul radiation hows to duplicate results
of Florida exposure. The machines uged in the test were generally

of the commercial varicty. t the Time this report was wribtten,

a good correlatioh had not yet been found among the machines or
between any of the machines and Florilda.

8, Fancutt, F.
Paint Technol. 1%, 159, 106-11 Q.gl!.g)

The .author claims that beﬁtar correlation between actual
and acoelerated weathering of paints and varnishes has been
achleved by means of a new test cycle., Earlior dilscrepancies
were reduced or elimlnated by the use of NaHSO3 spray, and this
was later replaced by a procedure involving 802 in the humidified
test chamber. The machine ultimately evolved expcsed the paint
to ultraviolet light, water, and a warm saturated atmosphere into
which SOy 1s passed. Different cycles are used to correspond with
rural, industrial, end highly corrosive eonditionﬂ.

S. gGay, P. J.

Journal of,011_and}Golour}Chemists Ass'n. 3%-#3 (51)
Accelgrated weathering of paint and Varnish Pilms”

2

The breakdown of paint £ilms during weathering is due to
degradation of thelr polymer structure 8o that they can no longes
accomodate the physical stresses resulting from temperature c¢hanges
and water abgorption. Accelerated weathering seeks to hasten the
polymer degradation and impose physical stresaes of a high order.
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' e diﬁahvanta‘esvare'(1)‘limited.spgce {2) vnable to
produce lgz'témperaturés which are %1keé? tgtcggzidr%ggiggai?gﬂpgﬁling
[ alvanized metal Tinlshes, They do not yleld informatio
ﬁilgﬁmsééﬁaﬁirt coliec@iqn, gtain resistance, whieh le eepep;a;ly
necessary roy® nouse painis. o

s

12. R. E. Plke | ;
Results of Exposure Study Series No. O14l
ugust 1, ' .

No report issued.
13. Baltimore ~ Pigments Dept, Work

) The Plgments Dgpartment finds that the commercial type of
instrument gives good correlation with Florida results except in a
small percentage of the cases. Without further work 1t is
impossidle to say what these discrepancies are due to -~ iron
gggtam%ggticn in the water is & possibility. The data are now on

1le w us. - : :

DUP030003412




Period 1922-1929

1.

2.

" New Accelerated Exposure

10.

11.

Nelson, ¥. A., Proc, A. S, T. M., 1922, 22, pt. 2, 485-98,
Accelersted Weathe e"“i"‘x-pg‘“""'f" OF Paints on Wood and Metal Surfaces.

Nelson, H. A., N. P, V, L., Sei. Sect. Circ., 1923, No. 18%
Recent. Progresg of lnvestigationie on Accelerated Weathering
of Paints and Varnishes ,

: ] . ;
Nelwmon, H. A., and Schmutz, F. C,, Proc. A. 8. T. M., 1624,
24, Pt, 2, 920-42, Purther Study oT Accelerated Weathering; -
ETfect of Varlations in Exposure Cycle Combinations on Common
Types of Varnishes -

gardner, H. 8., N, P, V. L, Seci. Sect. Cire. 1925, No, 226
Acoélerated TestTHE Cabinets — ’

Nelson, H. A., Schmutz, F. C., and gamble, D. L. Proc.

- A, S, T, M., 1926, 26; Pt. 2, 563~75

Kotealérated Weatherifig: Further Development of Apparatus
and Exposure Cycles

Nelson, H. A., and Schmutz, F. ¢, Ind. Eng. Chem., 1926, 18
1, 222-7. Accelerated Weathering ~ R -

Schmutz, F. €., and Gamble, D. L. Ind. Eng. Chem., Anal. Ed.
1928, 1, 83. Studles of Destructive LIght Sources for Use
in Acc®lerated Weathering Systems.

cire., 1928, No. 323

gardner, H. A., N. P, V, L. Sel. Sect.,
Ritter, E., Korroslon and Metallschutz, 1929, 5, 64, .
Testing of Paints . -

Ne‘t‘bmél‘nn. P.og Farben Z’bg-’ 1929, ﬁ, 1, 55“""5
A New Accelerated Test for Paintg

Wolff, H., Farben Ztg., 1929, 35, 192-5. Length of Life
Paints - Tests and Theim Interpretation _

Period 1930-1934

12.

130

1,

Came, ¢. L. Bureau of Standards. J. of Research, 1930, 4,
247-59. Durability Tests:of 50 Spar Varnishes

Schmutz, ¥. C., and Paimer, Ind. Eng. Chem. 1930, 22, 84-7
Drying of Exterlor Paints UnG8F Various Asather CondItions
and over Different Woods

N. P. ¥. L, Sci, Sect, Oirc. 1931, No. 404, p. 473-8
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32.
33.

34.

35.

40.

l"l.

l‘e »

‘1'30

. l"l“o

g5,

46.

47.

5i.

Esch, W. xnnstoffe, 32, 9 (42)

Elgnshergen; J. H. van, Verfkroniek, 1942, 15, No. 8,
138-42; No. 9,148-52. Accelerated ana ther Wéathering
Testa for Modern Paints and Lacquers

Arth, Ho GO, A S Tv Mo Bull, 191"2, NO. 316, 9"17
Results of Queéstionnaire on Accelerated Weédthering

Kittelberger, H. W.,‘Ind.\En§L chem., 1042, 34, No. 8,

it »

Water Immersion Testing of Metal Protective Pailnts

Pittsburgh Production Club, Paint, 011 Chem. Rev., 1943,

106, No. 10, 78-9. CorrelatTon o¢ the EITEoTs of Varying

ggz::glc Conditions in Typical anse Paints and Exter&or
8

Drinklay, F G., and Earp, D. P., J. 0il Col. Chem. Assoc.,
1944, 27 No. 201, 167-187; The LinTtations ol Normal and
Accelerated Weathering Panel Tests

Sward, G. G. N, P. V. L, Circ., 1944, No. 671. Accelerated
Weathering TeBts in . vernment Paint Specifications

Matlork, R. W., A, 8. T. M. Bull, 1044, No. 131, 34-6
parsey, V. M., A, S. T. M, Bull, 19k, No. 128, 31-4
parker, D. H., and Scofield, ¥., Off. Dig., 1944, No. 236-220-26

Correlation of Accelerated WeathePIng with Exterlor Exposure
of 01l Type Camouflage Paint

Butcher, J. D. and Rackham, E. H., Paint Menuf., 1944, 1&,
No, 12, 3#&»7. Photo Micrographic Eﬁfﬁﬁﬁ“’f”?breaaating
Behavior of Palnt Films

A, 8. T, M., Specification (1946), Designation; D822-L6w,
Ericatcive ecommended Prectice of Operating
Light and Water Exposure Apparatus (Carbor-Are Tyﬁe) for Testing
Paint, Varnish, Lacquer and Related Products '

Bms, R, Mes Ind Eng. Chem., Anal Edog 1945’ 173 No. 59
299-302

Kettering, ¢. F., 4, S. T. M, Bulletin, 1945, No. 137, 15-18

Cleveland Paint and Varnish Production Club, Off. Dig.,
O\? .3 n 25@ ﬁea E!i'ering Fﬁciﬁae EOPI‘BI& Eion
I'“%he 01eve1and Club Area, Pt. 1.

Cleveland Paint and Varnish Production ¢lyb; OfFf. Dig. 1945
No. 262, 518-34, ueathering Machine COrrelat o
Cleveland Club Area, Part 2.

DUPO030003415




D

Proc. 1931, 31, Pt. 1, 511-14, Report of
-, ee O Accelera‘ﬁ"d Weathering Tests

16. A, S. T. M. Proc. 1932, 32, Pt. 1, 452-5. Report of Sube
Committee on Accelerated Weathering Tests

15.

17. Cincinatti, Dayton, Indianapolls Paint and vurnish Production
Club. N, P, V, L. Sei. Sect _Cire. 1932

18. Gardner, H. 4. Ind. Eng. Chem.. Anal. Ed., 1932, 4, 94»7
Rapid Exposure ests on Finish .

19. A, 8. T. M., Proc., 1933, 33, Pt. 1, 379-85. Report of
- Sub= ﬂdﬁﬁiffe§ oﬁ'Acceleraﬁﬁﬁ‘weathering Tesis

20. Jolliy, V. G., J. 01l Col, Chem. Assoc., 1933, 16 366-83
. Accelerated Wé”Eﬁer_ng 0] nte '

21, schuk, A. E., and Theurer, H. C. Ind._Eng. Chem., Anal.
- Ed, 1§3#,1§ "No. 2, 91-7. ’ Phyaiééi Evaluation of Finishes

Period 1935-1939
22, A, 8, T. M,

Prog. 1935, 35. Pt. 1, 397-9. Report of

ub=-Committee on Accelerated Weathering ‘rests

23, A, s* T, M., Proc. 1936, 36, Pt. 1 366-82, Report of
Sub-tommittee on Accelera%"a WEathering reste for Protective
Coatings

‘24, A, 8. T. M., Proc. 1937, 37 Pt. 1, 350-2. Report of
PR R AT Ty Acceleratéd Weathering of House Paints

Period 1940 ta‘preaent
25. A, 8. ™. M., Proc., 1940, 40, 282, Report of Sub-Committee

8%“}%6513?3%53”%5@thering Tﬁbts

26. A, S§. T, M,, Proc., 1840, 40, 289~94 Report of Sub~-Committee
on ACGG. erete athering ©F Enamels

27. Jollg V. ¢., J. 011 Col. Chem, Assoce. 1940, 23, No. 246,
356-63. nel1aﬁEIT%?“S?‘EEE@?TEF‘Eiﬁﬁbura T@df“ on Paints

- and Varnishes

~ 28. Ashmar, G. W., Ind. Eng. Chem. 28, 934 (1936) Panel Teat
Evaluation of EXTETL eTfits

29. Wirshing, R. J., Ind. Eng. Chem,, Ind. Ed., 1941. 33, No. 2
234-7. Some caus€s OF :

30. Ollenger, C. G., Paint, 031 Chem, Rev., 1941, 103, No. 6,
9-12. Accelerateéd Tesfing

31. RBlom, A. V. Verflroniek 1931, 14, No. 12, 246~8
Accelerated WEETRETING of ?aiﬁff?ilme a
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53.
55 L]

56.
57.

58,

59.

60.

e

wheeler, R. N., J. 011 Col. Chenm, Assoc.: 1946. 29, No. 314
171-181,  Short- ; 55T 88 & Criteri®h of ’
Performance o

Cooke, T. F. and Vicklund, R. E. Ind. . Chen. Anal. Ed.
1946, '1-No. 1, 59-6. m;’;ical Tesfﬁi‘%m‘ﬁ“?e * ’

Thomas, R. E., Am, Dyestuff Reptr., 1946, 35, 280-2. Sowe
Pitfulls in Acceleéraced Testcing

Gardner, H. A. Physical and chemical Examination of Paints,
varnishee, Lacquers and Colol Ter . 1OU6

'Fancutt, F. Paint Technol. 1u, 159, 106~11 (1949)

gay, P. J. J. 0l and 001our Chemists Assn. 343 43(51)
Accelerated Weathe: ng oI PaINt an A Fllns

Armstrong W. §¥. B., and Schlerholtz 0. J.
Can. Chemical Process Ind. 34, 735-41 (no )

Hill, Roy W., Cook, George.S., Mbyers

A, 8. T, . M Bulletin, 164, 32-#3 (50

Wirshing, R. J., and McHMaster, W. D.
Paint and_varnish Produgtipn ﬁl, No. 9.
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