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A pmvimé_xmucaum (3)?' mpwwd the changes in weight, voluwe, denszity,
and other prapertles of coatings of limeved oil house paluts vhile drying ia the
lavoratory for 10 days after spreading end during & succeoding perlnd of 15 deys
of exposure to each of the following conditicns: (1) laborutory air and light
)}'m glazed vindowe facing north, (2) laboratory air in dsrknoss, (3) darimess
in @ roo at 97 percent relative hmldity, () twico dally Lumroion for 3 hours

in runaing vater, (5) artificlal swlight in a Westheroaster without spraying with
wvater, and (6) miﬁci;l sunlight in & Weatherometor and spraying with water
three times each hour. After the initial loss of volatile thinner during the
first fev hours after application, all of the coatings galned in weight, reached
a maxlzua in weight within 2 to B dsys, and then lost veight etesdily throughout
the rost of the 2S-day periocd. The density of the coatings increased snd ths vol-
@ ehrank continucusly, even during the first fow days vhile the welght was
increasing. Changas occurred in the other proporties such as vater sbsorption,
svelling, and salubility. During the final 15-day exposwre to different conditiona,
artificial sunlight caused the moat repid changes in cocatings, leaching with

vater stood next, high humidity next, and laboratory air, either in darinsss or

ntained ot Madison, ‘is,, in cooperation vith the University of Hisconain,

“Undarlined mumbers in parentheses refer to Litsrature Cited at the end of thisg
raport.




in north 1ight through windovs, ceused the slovest changes. Nevertbeless, all
coatings vere still losing weight and changing in progertics at the end of the
25-day period, _

It was of interest €0 Boe vhethqr a much longer period of exposure 1o the
wmild conditicns 'af' lsboratory aiy and indoor light would bring the coatinga to
a stable stats with no further changs in weight. Accoi-dingxy, samples of tbn
coatings that had been exposed only to lsboratory atr snd indoor light vere
retained and are still being welghed at sultable 1ntarv#1& wore than 2 years
aftar thay vers gpread. Horeover, in the course of tests for other purposss,
coatings of additionsl painte, including emulsion peints, were prepared and
wvelghed ut sultable intervals,

The work mpm'ted‘hem consigted of extensions and suppleconts to tests -
made for other purpogses, As a result, it was not plamned in advance asg carefully
as could nov be deetirved, Desplite acxe shortcouings in technique, howover, the
data are too sigatficent to be left uareported, especially since the work could

not be repeated by luproved methods in lesa than 2 years.

Experizontal Procedure

The linsced oll paints tested vere ground from their ingredisnts at the
Yorest Products laboratory. The emalesion painte, exulsion-type prmara, and
oiletype primers vere comserolal producte anong vhich all but brand C bore
statemants of composition on the label, The content of nonvolatile material apd
the welight per gallon of all camsercial paints were deternined cxperimentally
4nd agreed vith ccuputations from the.label formulas.

Paints were gpread by doctor blade and suctlon plate on clean, tared
tinglate, & by 6 inches in size. The veight of wet paint applied vas deternined
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by reveighing the tinplate as quickly es possible (vithin 1 minuta) after the
wet paint vag opread., Since all of the painte contatned volatils thinners
(ususlly miueral spirits or water), there was & alight loss in weight vhlls tha
paints vore belng spread und the ma;imm weighed, Ouch error did not exceed
a fev milligrems ih a total weight of nomvolatile that rangsd from 1 to 3 grems.
The welght of moavolatile agplied, wvhich was calculated from the cessuved wolght
of vet paint applied and the wnown fraction of noavalatila in the wet jaint, wag
thorefore underestimated by an asount that can be naglected safely, |

The coated tinplate specimens were weighed frequently, usually daily, for
the fivst 10 days after applying palut. After that, the intervals between
weighinge wvore lengthensd wmore or less progreseively as the coatings became older
and the waeight changed less rapldiy.
The chaage in walght of mtins st any tine was calculated as follows:

Uy - H
1,000 (4 - )

in which ¥, is the welght in grems of the speoimen at time 3, 4 12 the calen-
1ated welght b gress of tinplate plus yalet nonvolatile criginally epplied, Y,
e the volume in cubic centimeters of paint acnvolatile origlnally applied, and
a.y,t is ths changs 1n welght at time t in oilligmus per cubic cantimeter of
noavolatile originally epplied, | |

n-;ﬁit »

Iypical Grephs of the Changes in Welght With Tiuo

In figure 1, the changes in veight fur cach of five gsingle-piguent linseed
oil peints ere plotted egainst the logaritha of time in days for @ period of
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more than R yeara., Ths paints were made vith sotinony oxdde (A), wutile
titenin diceide (T), lead-free aclcular pine axide (£), magesiua eilicate (X},
and basic caxbonate Whilte lead (L), regpectively, im the folioving propoerticns:

Gallon
Pigmont 0.261
Linssed oll +609
Minerael splyita at30
. 1,000
The linseed oil alvays contalned tha same sacunt of leed-tanganese naphthenate
drier. o o
Ayproxtimtely 2) hours after epresding the paints, there vas a net gain in
wolpht of acovolatile coating renging frow 65 milligrans per cubic centiceter for
paint L to 110 xdlligreams per cubic centizster for paint A, Gnly & amll frection
of the waight inoreages could be nineral spivits atill retatoed in the coating.
It would be ovorgsnerous to assum that, aftar 24 hours, the coating retained
5 percent of the 105 willigrems of mineral aepirite origilnally jresent, which
vvmmm only 5.25 milligrene. Evmrma aaall ervor 18 effost by the error of
aigilar magaitude due to loss of mineral spivits wnile spresding éad welighing
the veat paint. | |
ihe paluts reacaed naxlaa in wéignt 8t 123 milligrams per oubic centiumter
after 2 days for ths antimony cxide paint, 109 milligrams per cubic cexntimeier
after 2 days for the titanium dioxide paint, /2 milligrams per cubic centimeter
after 8 daya for zinc oxide paint, 79 milligrams per cublc centimeter after
6 days for maguesiws silicate paint, a.nd 67 milligrems per cubic centiumeter
after 6 days for wnite lead paint. Clea.rw the pigments exerted parked specific
effects ca the mechanism of drying of the linseed oil in the painte, bduen
chemically luert plgoents as weagoesium silicate, titaniue dicxide, and autimony

oxide seem to be as effective ap the reactive pigoents white lead and zince oxlde,
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After paseing the naximun, all of the coatings followed a generally dowm-
ward courss, subject to scme minor vevering, for as lang as the experiments have
continued. After 300 to 0O days, tho costings of paints L anl X weighed lees
than the veight of the noavolatile applied iuitially, bofore cxidation snd
drying. Paints A and T were follouing a roughly parallel course. Paint Z, how-
ever, lost weight less rapidly than the otheyr painta.v

AlL of the curves in figure 1 exhibited a distinot dip near the 10th day.
Such dlp ssexme to be charactaristic of linscad cil palnts becauss it appeared in
8ll 'tee.tn' mds subsequently. Amnmhtly thara 15 a briaf pertcd folloving the
first attainment of madlmun wi@x‘t during vhich gain in weight froa absorption
of oxygsh again cxceeds the loss of volatile decoaposition products. Sooe of
the other fluctusticns in the courge of tha curves were due to variations in
aoisture contont of the coatings vith changss in veletive hualdity of the laho-
ratory air as discussed farther on.

Yarisbility of Results
Palnt Tx,n, pjuv 0.30, vas includad in six serics of tesis, and paint 'fx%,
p/ov 0.30, in two sories started at difforent times betveen August 1550 and
July 1950, Since the plotted resmulis presont a comfuslon of uverlapping curves,
certain chavacteristics of the individual curves are given in table 1, pawsly

the gain o lows in velght (sbove or belov the welight of nonvolatile indtially
applied) after 1 day, at the maximus gain, at 30 daye, at 300 daye, and st the

~ last day of cbhssrvation, and tho aversge rate of change in wsight during the
dntervals betuesn maximun gain and 20 daym, 30 to 300 days, and 300 days to the

last day of checervation.
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Although the variability ia reslis with o given paint tested at different
tioes vas substantial, it vas ot great enough to dbscure the larger differences
in resulis obtainad with different paints, ospecially vhen congarisons were uzade
acong paints tested contemporavcously. ‘The variations udaibtedly arise chiefly
from the uncontroiled variations in temperaturc and relstive luaidity in the
laboratory in which tha work was done., It 18 well known that the mschanisa of

- drying of oil paints La sensitive to tamperature, relative mmuldity, and

illumination. Aging after drying seems to be largely a contimstion of the
drying mechanisa end pessunshly 18 ssugitive to the sane aubient conditions.

Previcus tests (1) made with contings and films vhen 10 days ald, indicated

that the weight of woisture absorbed from air at relstive hunldity below G5 per-
'cm—xt wvas legs than the losw of volatile decomposition products during the tims
 raquired to make the m&mwnta -‘vman the preeent testd were started, therc-

fors, it was thought that the variations in hwsidity and temperature in the
lsboratory could be neglected safely. Such proved to be noerly trus for the Clirst
dnyaotn@na,butmmtthncamhtarmﬁmn,utabhlm, 4
rate of loss of volatile products mntoaﬁacthoftMratad\minathe firast
30 days, It ves poon noticed that beyumd age 30 days, the plotted curves
presented a sav-tooth appearance with ups aad downs velated to the prevailing
relative huntdity. This was most uoticesble, of course, during the summer wonths,
espacially 8o during the umeually dempy sumser and fall of 19€0.
 ‘hen the oil-type and emulsicn-typs paiuts of series b were 3& days old,
e ccatinsa wore eguilibrated in a desliccator over caleium chioride, welghed,
then equilibrated and welghed successively in the 30, 63, 80, and 90 percent
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relative Iunidity rooms, and finally cquilibrated and weighod again in the
desiccator. The romilts are presented 1n the stepped bar charts of Figure 2.
For each paint, the veight of the coating vhon first egquilibrated in ths
deeiceator is taken as the base for caloulating the subsoquent changes in welght,
in each bar, the lengths of the stops tﬁmrmwwmmpmmnttm
veight change attained in %0, 65, 80, and 90 percent relative hunidity and when
returned to the desfccator, respactively. Tha weight gain from molsture ahscrbed
in 90 percent relative hunidity vanged from 10 milligrams per cubic centimeter
for cil-type primer of brand € to 55.2 milligrams per cublc centisetsy for
amileion-type priner of brend B, Moen e@ullibrated in the desiccatar for the
second tize, none of the paints returnod exactly to ite weight in the desiccator
9 days earlior; oll paint Tif,, and emileton paint brand D retained less than

1 milligran por cublc centimetor of th Welght gained in SO parcent relative

| hmﬂ.aity, vhersas the other mmis fall 0 8 to 5.5 m:.li.arwm Qer aubic ceutimtr.r

bolow thotr weight in the desiceator the fivet time. For most paints, perheps
the exposure o high humtdity, vhich goftenn and swells the coating, may facilitate
tha escope of accumiluated vo:wt.ilo yroducts,

OF the two linessd oll paints, Tuly, proved more hygroscopic than Txlyg, in
agreemont vith past experience, Oll-type primer brand A, which wes TxL,,,
p/ov 042, mede vith bodied linssed spd tung oils, in hygroscoplotty foll between
painte TxZo, and Tkl . Primer brand B, vhich vas Ik, p/av 0.24, nade with

" linsced alkyd resin, MWWWLMM%Q, p/ov 0.3, mads with

tung-linsecd resin, vere less hygroscopic than paint Txly e  Primer brasd © was
outstandingly low in hygroscoplicolty, Three of the emuleion-type peinta, the
twe princrs and brand B finieh paint, vere move hygroscopic then linsced oil

e




paint 'Ibt%, at leest in 90 percent relative mmidity. All camlaion-typs paints
except brand C ware more hygroscopic in 90 perce;nt relative hnaidity than linseed
ol paint Talye. |

The Aiffersnce betvesn 30 sad 6% parcent relative mmldity in the lsboratory
when the coatings vers wighed could maku 8 difference of 8 to 10 ailligrace per
cublc centiseter in the moimture content of the comtings vm roadlly accounts
for the sav-tooth course of the later paridons of the curves of change in costing
@1@1& with time. Hhen the tests of ssries 3 were seighed on the 15th day
(May 0, 1§59), tha relative husldity in the laboratory was sbout 60 percent, and
the coatings were found heavier than they hod been on the 10th day uhen the
fanidity vas lowver. The coatings were then placed in o desiceator for 8 hours
and veighed again. Paint Txi,) lost 6,9 milligrame per cuble ventiwetor. Ton
other eoatings in the serdes, vhich consisted of paint TxZag with various
additives, lost frou 4.1 %o 8.6 ailligrano per cubic centimeter. Similarly,
the paints of sories 1 were found hoavier oa the T80tk day (Getéber 1960) than
they had been oo the 535h sy (Fobruary 1960). Equilibratica ia the desiccator
produced the folloving lossas in milligrans por cuhic contimoter: paint
Txlpge 808 Tabpoleqy 6.25 Tulyg, 6.9 L, 6.0 A, 7.0; and T, 9.4,

- Lingsood Gil Paints of Seyiss 1

gSerics 1 consisted of five single-pigeent paints and threo mixzsd-yigasnt
paints, 811 aede with the sexw rev linsced oil vehicle at pigsent volume 0,30.
For the single-plgsent paints, the complete data for changs vith time fn tho
gain or loss in coating wolght are plotted in figare 1. Table 2 records
aigaificant points on the curves for all eight paints togothar uith the averwge

rate of change in weight during three intervals of tine.
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ona dey aftor applying tho painte, the coatings were hesvier than the
velght of nomvolstile spplied by 6.5 milligrema per cublc centimetor for paint L
to 113 milligrans pet cubic centimeter for paint A, Assuaing that all of the
minsral splrite in the paint had evaporoted, the gain in welght represents the
difference betwsen the volght of oxygen sbacrbed from the air and the welght of
volatile decomposition products given off. Lose of volatile products vas

"mmmrr@tmwmnmarwwmmu.

Mammwm () measured the oxygsn absorbed aud the volatile
products glven off by coatings of 1inseed oil containing lesd linoleats drier
and from coatings of Linseed oil painte made vith various pignents vhen the
coptings wore exposced to pure oxygen for various lengths of time. Geme of tholr

results, recaleulated for compariscn with table 2, are given in table 3. ‘Their

plgmnted coatings wers much lowor in pigment voluse and dried muich slover than
the paints of table 2, and the mothods ;Sr tapt Aiffercd groatly. xmaét.mj.esa,
Riodes and Van Wirt, ia agreeusut with the findings of this repoart, observed a
visa in net gain in weight to & maximua folloved by declite in net gain and the
not gatng at 10 and 17 days vere remurkably close to tho et gains for the most
nearly campareble paints ot maximm and 30 daye, respectively, in teble 2. In
particylar, hovever, the results of Rhodes snd Van Wirt show that volatile
products are given off in s subatantial .amaunt even durins the first day after
painte are applicd. Both the abamyptica of oxygen and the losa of volatiles
increass émtimmm from the begionlng; only their differences, the net galn
in veight, passes through a mexinum, Although the nat gain in weight of vhite
lead paint after the maximum has dbeen passed 18 slvays less than ths corrve-
sponding net gain for zine oxide paint, both the cuygen absorved and the volatile
products given off are substantially greater m white lead paint than in vinc

oxide paint.
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Al reported in table 2, pigeentation with antimocny oxids and titanium

 dloxide lad to relstively high net gain in weipht after 1 day and at msxtimum

velght, which vas attained after only 2 days. It is unlikely that these
plgrents hastensd the early absorptiomn of oxygen. Presuxebly, therefore, they
retarded the loge of vdlatlle productas, In the stages beytmd 30 days, whan
changes 1n veight were due chiefly to loss of valatile products, the antimony
oxide and titanium dioxids paints loet weight more rapldly than any of the -
peints thet contained sinc oxide. '

The characteristic points for the mxed-piguent paints fell thmmt
between those of the tuo o three single-pigment paints made with the coaponents
of the mixture. VWhen zinc oxide wag & componaent, however, the mixed-pigaent

- paint fell cloeer to pure zinc oxide paint than to the titaniuam dicxide or the -
_white lead paint, Previous studles of the svelling of paint £ilus in uater

likevise showved that zinc oxide tends to douinate over other pigeents in wixed-
plgnent painte (2). ,

The three paiuts thet contained pin: oxide exhibited distinctly slover rates
of lose in weight beyond the 30-day maric than any of the other paints. It is
possible that ‘tha rate of loss of volsatila products from the zinc-containing
paints ia greatar‘thu‘x the weighings Wieatdby reagon of an offsetting aain in
welght from slow absorption of carbon dinxide from the alr and conversion of zine
oxlds to gsinc cerbonate, It was found previously (2) that stocke of zine oxide
plement, vhen stared in an unheated and occasicoally dunp shed, dbecows seriously

. carbonated.

Lingeed 011 Paints of Series 6

The linseed oil paints of series 6, reported in table i, ruveal the effect
of variations in pignent wvolwsea, vhich is the volusetric ratic of total plgeent

-10-
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- 1n'the total noavolatile inm&ionts of & paint, Asong the titenium zinc painte

\i‘%

and esong the titaniua lead peimts, the rate of lose. in weight usually decreassd |
as tho pignent volumse ineressed, Buch trend might ba expected because of the
decreass in the samount of oil in the coeting as thay&mntm increasas,

‘The paiants of very high pigeont voluns reachaed tha:lr waxdmyn valght sooner than
alnilar potnte madoe at louwsr plgeent voluoe . .

The titanium sine paint of pigsent voluas 0,47 and one of those of piguent
voluoe 0,33, during the interval fram 300 to 460 days, not only failed to lose
welght tut actually became slightly heavier., There vae no galn in solsture
content because the veight after .%0 days was checked after eqilibration in a
desidcator. Such gadn in volght offers further ovidence that ths zine oxida in
mummnumaw&mum@mumm rrmtha air.

)f The last four peints 1n tablo & contained the relatively new whitae plgoent,
mimmtabmte, M&MMWMM!L aubmmta for zi.m.. oxida to
provide resistance to mildew withoubt saking paint sensitiwe to moisture blistering. |

‘Bubstitution of barhum metaborete for zine exide consistuntly hastened the

attainment of saximen veight @ain sl led to move rapid loss in ivei@xtdurﬂ.ng
absequent aging.

Emilsion peints of the acrylic-resin type dry presumbly without cxidation
by coaleacunce as tho water of the emlsion evapamui. Therefore no gain in .
vaight over the uaim of nouvalatile ingredients initially present should be
expected during the process of drying and aging., 8Simce the scrylic renins are
muwmwmuwlwwmm, thswmtofthedried

~1le




paint cdatins m@x& bnexmcm o vemaln oczistant duiring subseguent sxpogsure to
air in the lsboratory. Tests of ccumercial emulsion-type paints, however, did
not confoma to the expectations.

Tahls § reports results vith five brands of emulaion paints, 2 emilsion-
type primers, and four oil-type pricers of brands corresponding to the eamlsion
paints. e maosufesturer supplied both an odl-type and an emlsion-type priner,
Four of the emilsion painta, 1 emlsion primer, and 1 oll primer failed to reveal

‘& poricd of incresse in wedght follouing evayoration of the wolatile constitusats,
possibly beccuse there were inoufficlent veiphings during the £irst 2% hours
after aspplicaticn. Havertbeless, all bat ane of these pmmducts ylelded coatings
thet were decidedly heavier than the nonvolstile portion of tha paint applied.
All of the coatinge, without excoption, lost weight contimwously during exposure

)> and vere still losing weight after 495 days. The welght ging 1 day after

| application, axcept for emlsicn yalat of brend €, rangsd from 48.0 to 98.%

mimm per cublc contimeter compored with 72,0 and 83,0 milligrans ger cubio

centimetar far the two linsead ail paints tosted

Bmilaion
paint of brand B, vhich took & dayn to vesch & maximm welght gain, vas mads
with en alipd-resin modified scrylic resin, Sowe oxidation of the alkyd-resin
component 19 possible, Eeulelon primer of brend Pj2, vhich resched m maxbsun
veight gain after b days, was wade with & linsecd-alkyd-resin emilsion vether
than an acrylie amlision, |

Eonlstion vehicles contain sumercus additives such as asuleifying agents,
surfactents for pigment disporsion, mim aganta, dsprossanta of the
freesing point of vater, and fungleides, lkme of the sdditives listod in the
mmserous jublished formilas for scrylic-resin finish coats, however, is &
}§§§ saterial that oxidizes readily at noresl teoperatures, Sulsion prisere

wlie
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socxetimesn cmm&ymg oll for better penstration end bonding to chalky surfaces,
but no such additives to ezumlsion paints for finish coats appsar in ths literaturs.
The larg: woight gains ebove the nonvolatils coutent of the ligaid paint there-
fore muggest that tha acrylic resins chsord oxygen as they dry, although the
mochanian of such sbhaorption is not apparvent. ,

The L-dey old coating of emilsion paint brend C ves lighter than the
noavolatile components of the Liquid paint by 41.9 milligrems per cubic csntilmster
and subsaqmntly contimed to lose mxm.' losas informaticn about composition
vas given on the mmmthoanwhw comoercial paint tastad, The
initial contont of nonvolatils Wentn, howover, vas deterained in the
custauary ey be heating s sample at 1C6° C. for 3 hours. It 1 mlilmlythat
 aay ingredient left after 3 hours at 105° C. could eveparate to the extent of
| \)/3:;19 milligress per mubic centizetor in 24 hours at rooa tamperature even vhen
“ axposed in a ccating ealy 2.5 nils thiok, .Pmmmbly oither the acrylic resin
or en additive presont in the paint in substantial propoction evolved velatilas
deccaposition products during Arying to en cxtent that exceeded ths abeorpticn
of oxygen, 1f such adbearpticn took placs.

All of tho emilsion patuts and tho emulefon- or oll-type priuwers for use
with them decreased in weight steadily after the first dey or the maxlmm weight
vithin & days, ALL vere still losing voight after 495 daya., Pubilished formilas
for emuloton patnts contain such high boiling 1iQuids as ethyl callosalve,
ethylens glyool, snd polyglycol edded to Seprase the freeming poiat. Sthyl
cellosolve has a vepor pressure of 12 millimeters of mercury at 20° C., ethylene
glycol only 0,12 millimeter of mercury. Such additives would eveporets froa
coatings very slovly, but 1t is doubtful that any would rezadn {n coatings lesa

‘ )
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than & mils thick after 495 dsys. In published formulas for scrylic emleion
paints, theyxoportimaafht@munsuqndamuvesmnaa from O to

100 milligrans per cubic centimeter. Scme formulas for polyvinyl acotate
emulsion paints recomsend as mch as 220 milligrexs per cuble centimeter. Thus
the paints teeted might bave contaimed, but dld not necessarlly coataln, high.
boiling liquids to acgcamt for the weight losses abaervéd, rrovided that the
evaporation vas slow enough to persist for nore than hgs daye., Hevertheloss,
the inttial weight gain by all but cae of the exmlsion paintg togather vith the
long conummd subsaguent loss in welght suguests that ceidetion ant
volatilization of decouposition pmchmta occur in exlelon palnts to nesarly

 as great an extent as they do in oil painta.

Effect of Additives in Faint 'm.éaﬁ@, p/ov 0,30, Series 2, 3, and §

The peints of scries 2, 3, and 8, veyorted in table 6, vhich 18 in two pa&s,
‘were uado primarily in & search for moans of reducing the suelling in veter of
ginc-containing paints such ag Tx.,, p/av 0.30. It vas of luterest to lear
also vhother the additives affect the course of the changes in welght of coatings
during eging in the laboratory. '

Many of the additives exertad little or no effect on the course of the weiéxt

. changss during aging of the coatings. This group included additives that

incroased the svelling in vater slightly, such as tetrailsoproyyl titasste, and
additives that marksdly decreased swelling, such as silagane 31212. Other
additives increased the net gain in weight after 1 day and the rate of loss i
waight froo the meximua to 30 days. This group included additives that increased
the swalling in water greatly, such as eoya secondary auins, and additives that
decreased swelling substantially, such as octylene glycal titanste. Thus »o

i




relation vas revealsd betwsen the effect an velght changss and the affect on

| swelling in water. The effect of the additives on weight changss was exerted

chiefly during the £irst 30 days; after thet time, the further rate of loss in
veight was usually similar to that of the peint without additive.

Conclugiong
(1) After a linsced oil paint 18 spread as a cooting exposed to air and its
volstile thinoes svaporetes, {te weight increases for a fev days, reaches o
.mmna, and then declines., The increass chsorved is the é.ii'femnc:e baiwen
the weight of oxygen absorbed and the weight of volatile decw-mj.tion products

glven off. At the maxbxes, the tvo processes are in balaocs; boyoad the ouximu,
gvolution of dscouposition producty exeeeds any furthaer abeorption of oxygen. B

Since oxygen ebeorption anf decaposition ere cach affected indupendently by

savironmental conditicns of tegperature, relative humidity, and irradiation by
light, quastitative measwreuents of & given paint started at diffevent times
vary slightly unless the enviromssntal conditions are coatyrolled more clossly
Miaﬂmmm@mmmtm. |

(2) The saximem gain in net veight of a linssed oil paiat and the subsequent
rate of declins from the maximuam very videly according to the nature of the
plgwnts in the pednt. Paints of high plgment volwme reach wasimem velght socnor
and then uslly decline in velght less ropidly than similar paints of lower
plguent volusa., Palats maﬂs at thoir -eritic:ai plguent voluns may veach unusually
high maximus weight, snd mey decline rapidly fraa the maximunm during the next
30 days. ‘Theve is also evideuce that gine oxide in paint way absorb carbon
dloatde fras the air, vhich offsete port of the loss of decemposition products
of tha oii vehicla.

wlSe




(3) Although the rete of loss of deccaposition products boccmes slower &
tine pagses, it continace for as long as tha oheservations have lasted, which is
wore than & years for the paints of sories 1. Thas decosposition goes on
contimiously even under the very mild exposure to the envirommsntal conditions
of the paint leboratory. At the end of 780 days, vhlte lead paint vas lighter
than thes uoight of nonvolatiles ingredients applied by 55.5 miliigrams por
cublc cestlmeter, whioh vas 10.2 percont of the linseed oil in the paint.

{4) Bouwe additives to linewed oil paint markedly affoct the veight chénaeﬁ
duriag the first 30 days. Ibey may cither increase or decrsape ths net gain at
maxiom welght, There 18 no relsticn, housver, between the effect of additives
oo weight changss and thaiy effeect on tho geelling of paint coatings in water.

) (5) surprisingly, wost ecrylic-amilelon paints, uhich do ot depond on

) oxtdetion for thelr drying, exhibited s met galn in veight coparsble to that

| of lineead a&i paints, The wsulsion paiate, howver, uveually attained their

| saximun veight during the first day after application, Mo explamstion has been

found for tho net gain in weight othor then the asowaption that the acrylic
rosins are subject to oxidation by @cae mechanien not yot known. Moreover, the
canision paints, on subsequent aging, loet veight stesdily and were etill losm
velght after 495 days. It remalns 10 ba determined vhether the loge in veight
18 dua to deconposition of the scrylic resins or 'bc‘ alow evaporation of high
bolling Mauia saditivea such as ethylene glycol, polyglycal, and ethyl
cellosolve, which are often used as freezing point Gaprossanta.

{(G) Contings of all pa:lnta tasted, wvhether of oil typ:: or amlsicn tyw, repain
siguificantly hygroscopic even af'ter & years oy m f.‘ven i swoderate dumaz.s
in relstive huaidity in tha paint laboratary produce correspondiang changes in

l:; veight of the coatings.
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(1) Brwna, F, L. E
1985. Swelling of Paint Filas fo Hater. III. Absorpticn and Volumwtric
Swvelling of Bound and Free Vilms Fraz Alr of Different Relative

Bunidities. Foreet Products Journal 5:92-5.

(2) , _
! 1657. Swelling of Paint Filas in Jater. XI. dixed-Pigment Painte in
Lingeed 011, Forest mﬁm Jowrnal T:2k8-52,

3y

71569, Undorstanding the Hechanisms of Deterimtim of House Painte.
Forest Producte Journal 9:417-27.

| (%) Rawodes, F. 6., and Van ‘Hrt, A, B.

1923, Effect of Various Pigoments Upcn the Rate of (xidationm of Linseed
 Ofl. Industrial and Sagincering Chemistyy 18:1,135-%0.
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Teple z. WMM

Paintt : Gate iz veight at time indicated . Rate of changs
: ' ~ . interval ir
: 1 day : Maxtimun gain, :mm:mw 780 amye ;e ———
: .+ doy iodicated 3 3 : Meximao te ¢ R
: : 4n pmrentheses L 3 : 30 daye : 30C

; hane Y . e ] » ; *
: : yer ¢
Z, p/me 0.3 : B @ 92,0 (8) 1 835 : 630 ¢ 4SS ¢ G302 1 D€
Tiony w630 @ & 3 97.3 (8) : 87.5 : 620 1 B8R0  : -
Tlogiog P,av .30 : 2 @ 8.0 (6) : 8.0 ¢ 56.0 & 3.3 BV S S ¢
A, p/ov C.30 : 113 @ 1230 ) : 8.5 : 580 370 .23 Ll
Txlg g B/BV G0 3 675 T6.E (8) t 065 1 280 & €183 ¢ T T
T, pfav .30 s 10T s 109.0_{2) : 78O : WO : 8.0 Lua A
L, p;ov 0,30 : 65 & LT.3 6; © 3 5.0 : 0.0 1 =85.5 L8 5 L
I{, Paw Q. 3¢ : 73 H 79.0 ({a t 59.0 H 3.0 lsescvssssel u83 H o2

-

Loybols have the folloving meenings: =, zine axide; T, aixture of coe part rutile titaniue &
3.& parts by voluse of mognesium silicete; L, basic carbomate white lead; A, antimony
titaniun diocide; X, saguesimm ellicate; subseript mmier, percent by volue of the pigment ¢
aﬂzm;wtizatw«:hadmmtom,,ﬁm pyov, voluetric ratic of the total pigeent in th
nouvelatile ingredients, (mmmmme,ﬁmmammedeiwmmw

titantuz dioxide with extending pizwent of agy kind and in unspecified provortioss, )

onide;
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Ttea indlcated® : Tise after applylng the coating

S O e W A P O B4 B O P SO O b e s 07

Tt 1 day : 2 days 3 10 days ¢ 1T duys

O KT e o B T P S U R TS U T A Gk P G5 I S SRR A JEE S W oA 0 W mvuw»u»nm—: ‘,»nu-@‘ A o W -—‘t.: >a 1o »q.—nc‘g L T L

'i Wcucmwmdmwtmpxwz : : : :
4 ﬂz’mﬁu"uuun.u..&& Par 004 168 233 3 3&) 3 3
) ‘olatile mtﬂ oat‘ooo--.ms BPOX CCos @ - B m $ g}a : g:‘_g
t gain in WW‘.......-.."..M,. pey .t 103 : 13 I3 93 3 &
L:lnwml odl paint L, p/uv 0,08 : s . o, '
Ww &bmﬁ.................ms. paxr Cid,.t 136 3 3.95 ] 3::-’0 H A3t
Valatile WS co.-ooo.ovmso pEy Q48 __ﬂl H ﬁ H 2h 3 27
dot gain in mtt....'.‘..."‘%ﬂ oY QG 10 s 1 6-‘}

m 7
Linseed ol paint %, p,av 0.10: : : ‘
wn mwcnoc.-oooqatﬁouaom&o pexr Ot T5.% : 13

Vointile products 106t, ... 0eaeeng. por cca  _Bub 3. 21
Hot gain in Wwogovqc-ctoootomﬁo POT QU2 67.0 : 113

28
=
oe

- e e

” o8 9
.
.t%“

lﬁymbmuwtmmm&mm: 78 mmmwmwm z,aimaxmm
p/ov, pigeent voluse or fraction of total plgaent YWy voluse in ths total
mnvnlatmmtterbym.
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Figure 2,~-Changes in weight due to changs in moisture coatent of 3&&~aw-old
{7),  coatings of yarious paiats brought to equilibriua successively vith the
%) atmcephere (1) ia & daslccator over calsium chleride (O moisture comtent),

(2) in 30 percont relative hnidity room, (3) in 65 percent relative husidity
room, (4) im 80 percent relative lumddity rocm, (5) in 90 percent relative
- lasaldity room, and (6) in the desiccator agsdn.

(3 118 551)
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