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Differing theories exist on resistance of house paints to blister-
ing. Tests were made to measure the permeability to water and water
vapor and the abilily Yo breathe of some painis for which water
absorption and swelling had already been determined, Factors are
discussed which apparently affect the spead of penelration into vari-

ous coatings.

Pmmous ARTICLES in this series
(5)? reported the extent to which
free and bound films of various paints
and paint vehicles absorb water and
swell when soaked in water. The data
suggest strongly that the absorption
and swelling of paints in water may
be closely related to their tendency to
blister and peel under practical condi-
tions of service on houses. Those house
paints that are known from actual ex-
perience to blister easily are also high
in absorption and swelling, whereas
those paints similatly known to be
telatively resistant to blistering and
peeling are also low in absorption and
swelling.

Other workers have observed a re-
lation between water absorption and
blistering of coatings (30, 35), both
on wood (8, 19) and on metal (1, 17,
20, 23, 27, 28). To compare water ab-
sorption with tendency to blister, there
is need for more quantitative data on
blistering pressure (18) or other di-
rect measure of blistering.

American technologists often em-
phasize another property of coatings,
their permeability to water vapor, as a
measure of sensitiveness to ‘moisture
blistering. As far back as 1934, Gard-
ner (12) suggested that readily per-
meable paints would resist blistering,
and proposed to make permeable paints
by incorporating porous pigments such
as diatomaceous silica. It was thought
that such paints “breathe” sufficiently
to let water escape from the painted
sucface of wood faster than it can

etrate through boards from be-
Eie:d (4, 8, 15, 31). So-called
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“breather-type” paints have been sold

commercially, but examination of some

of them has failed to confirm that

they have greater petmeability than do
ordinary paints. They did prove more
resistant to blistering and Jower in ab-
sorption and swelling than most ordi-
nary paints, however, but paints may
be highly sesistant to blistering and
yet low in permeability (34). It fe-
mains to be determined whether ex-
tremely high permeability affords re-
liable protection against blistering.

The differing theories on resistance
to blistering made it desirable to meas-
ure the permeability and ebility to
breathe of some of the paints for
which the absorption of water and
swelling had already been determined.
It was of interest to learn: 1) how
long it takes for water in contact with
the exposed surface of high- and low-
swelling coatings to penetrate to the
interface with the substrate, 2) the
relative permeability of free films to
water v.-zao:, and 3) the penetrabili
of free films by dry air under a mog
erate difference in pressure.

The composition of the paints used
in these tests was reported in papers
VI and VII of the series (5).

Time Required for Water
to Penetrate

Glass microscope slides 1}3 by 3
‘inches in size were marked with
crossed stripes of an aqueous solution
of cobalt chloride containing a very
small proportion of methyl cellulose.
The markings, 3 inch wide, were
blue in color when dry, and turned
pink when exposed for a few minutes
to air with a relative humidity of 65
per cent or mose. They szeturned
promptly to the original blue color
when brought back to air with a rela-
tive humidity of 30 per cent or less.
The weight of the markings was deter-

mined by weighing the slides before .

and after the solution was applied.

_ond complete set was ex

4 mmen aw an

“To determine the density of the mark-

ing material, dried coatings on glass
were scraped off with a razor blade
and measured by the pycnometric
method in kerosene, The thickness of
the markings, calculated from the
weight, area, and density, was 0.11
to 0.17 mil.

The matked slides were coated with
paint at the desired thickness with doc-
tor blade, suction plate, and suitable
shims. Five single-pigment, saw lin-
seed oil paints of pigment volume
0.30, pigmented with basic catbonate

- white lead, antimony oxide, titanium

dioxide, zinc oxide, and magnesium
silicate, respectively, were tested. The
first two px;ments make low-swelling
paints, the fourth makes high-swelling

int, and the others make paints of
intermediate swelling. For each paint,
slides were prepared with coatin
that were approximately 2 mils, 4 miﬁs,
and 6 mils thick when dry.

One complete set of specimens was
tested for water penctration when the
paint coatings were 8 days old. A sec-
| d for 15
days to ultraviolet light in a weather-
ometer, but without spraying with
water, (It was found that water turned
the cobalt chloride markings pink
within one to two days, and the coat-
ings became blistered over the mark-
ings soon afterward.)

To observe the rate of penetration
of water, the test specimens were
placed with the painted face down on
glass rods that rested on the botiom
of a shallow dish, and the dish was
filled with water until about 14, inch
of water covered the specimens. The
blue markings were then readily vis-
ible through the water and glass
against the white background of the
ms. The lapse of time was observed

cen submergence and the first ap-
peatance of change from blue to pink
color, betwéen submergence and com-
E‘l:etc change from blue to pink, and
tween submergence and blistering of
the coatings. Blistering could be de-
tected without lifting the specimens
out of the water because formation of
a blister allowed the dissolved cobalt
chloride to gather in a rounded droplet
of solution that was easily recognized

L e de am



»,

b TN ™

Table 1.—TIME REQUIRED FOR WATER TO PENETRATE COATINGS OF LINSEED Ol FXINTS ON GLASS WHEN IMMERSED IN WATER
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by the variation in intensigv of color
fom center to edge of the droplet.
Results of the tests of time of pene-
tration are reported in Table 1.
Water penetrated some portions of
a paint coating much more rapidly
than others. For example, with the
unweathered coating of titanium diox-
ide paint 1.9 mils thick, Eink spots
strangly contrasting wth the rest of
the blue stripes could be seen within
two hours. The spots slowly increased
in size and number. After six hours,
about half the total area of the stripes
were pink, the other half still blue.
Nine houts elapsed before the last of
the blue color changed to pink. All
other coatings exhibited a similar
course of events, although differing in
time scale, with an initial appearance
of pink in sgce)ts that grew slowly in
size and number until all blue changed
to pink. Essentially the same behavior
has recently been reported by Pragst
(26), who allowed an aqueous solu-
tion of methylene blue to diffuse
through coatings of paint on glass.
Although more time was required
for water to penetrate the thicker coat-
ings of paint, the time was not always
proportional to thickness. Thus with
the unweathered coating of white lead
paint 2.3 mils thick, first penetration
was observed in 11 hours, and the
coating 3 times as thick, 6.9 mils, was
penetrated in 13 hours. Unweathered
coatings of zinc oxide paint 1.8, 4.1,
and 7.0 mils thick were all penetrated
first in three hours. On the other hand,
fiest penetration of coatings of anti-
mony oxide, titanium dioxide, and
magnesium silicate paints was always
delayed by increased thickness at least
as much as proportionality would indi-
cate, With weathered coatings of all
paints, first penetration usually oc-
curred sooner than with correspondin,
unweathered coatings, and increase

2

thickness delayed first penetration rel-
atively little.

The relatively short time sometimes
required for first penetration, and the
lapse of time between first penetration
and complete penetration, together
with the variable relation between
coating thickness and time of penetra-
tion, suggest that paint coatings have
an exceedingly heterogeneous internal
structure that is more readily penc-
trated in some places than in others
(21, 29). Bell's (2) discussion of the
structure of paint films, particularly his
photographs of the formation of Ben-
ard cells and electron photomicrograph
of a cross section of a paint film, fur-
nish adequate explanation of the ob-
served irregulartity of penetration.

James (16) measured the time re-
quired for water to penctrate coatings
of red iron oxide paints and the clear
vehicles with which they were made by
an electrical method. Most of his coat-
ings were 1.6 mils thick, thinner than
any of the unweathered coatings re-
ported in this paper. Coatings of lin-
seed-tung oil vehicle with or without
pigments apparently were penetrated
almost immediately, but their water
content continued to increase for sev-
eral days. Coatings of clear and of
pigmented phenolic-resin varnish, lin-
seed-rosin-epoxide fesin, and linseed-
pentacrythritol alkyd vehicle wese pen-
etrated in 15 to 90 minutes, but con-
tinued to gain water for several days.

As seported in Table 1, unweathered
coatings of white lead and of antimony
oxide paints, which are low in water

absorption, always required a longer .

time for first penetration and nearly
always took longer for complete pene-

“tration than coatings of similar thick-

ness of the high-absorbing titanium
dioxide, zinc oxide, and magnesium

- silicate paints. Among the weathered

coatings, white lead paint remained

slowest to permit either first or com-
plete peactration, but antimony oxide
paint, despite its low absorption, was
penetrated about as rapidly as any of
the other paints. For unweathered
coatings, high absorlption seems to
hasten” penetration, although the two
are by no means exactly parallel. For
weathered coatings, other factors ap-
pear to be more important than water

- absorption in . determining speed of
penetration,

Blisters usually appeared in the
coatings over the stripes of cobalt
chloride either somewhat before or at
least soon after penetration was com-

glete. It was difficult to tell when

listeting began in the thicker weath-

ered coatings of zinc oxide and mag-.

nesium silicate gaints, because the coat-
ings were too hard to yield readily in
blisters, and the blisters, when they
became observable, were relatively
lazge and only geatly curved. There
was seldom any observable blistering

- where no stripes of water-soluble mate-
. rial were interposed between coating

and glass. The pressure responsible for
blistering atose therefore from osmosis
lE:(‘ill). Adhesieodn ,x:nyay have been a;

impai etration ol
watez uouf:ngras over th};c:vater\soluble
stripes, but sufficient pressure to over-
come the mechanical tesistance of the
film to flexing may have been lacking
where there was no soluble material
to give rise to osmosis.

Permeability to Water Vapo

The permeability of free paint films
to water vapor was measured by the
Payne cup method (22, 25). Distilled
water was placed in the cup, and the
paint film to be observed was clamped
in position. The cup was then placed
in a desiccator over calcium chloride
in a room held constantly at 70° F,,
and the cup was weighed daily to
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determine the loss of water through
the paint film. Steady state conditions
were reached within one day. The rate
of loss during the second and third
days, which was nearly constant, was
taken a5 a measure of the permeability
of the film. The permeability is ex-
pressed as the number of milligrams
of moisture vapor lost per square cen-
timeter of film area per day for a film
1 millimeter thick, which is known as
the specific permeability, Pi. The re-
lation is
P, :—!C%l-

in which m is the weight of watet
lost in milligrams, g is the area of
film exposed in square centimeters, lis
the thickness of the film in millimeters,
and ¢ is the time in days. The calcu-
lation assumes that permeability is in-
versely proportional to film thickness.
The assumption is not always correct
(7, 29), but the error is not serious
for the comparatively small variation

in thickness of the fiims used for the

study. .

Ezch film was weighed immediately
before and again immediately after the
permeability test. The film was then
dried in a desiccator over calcium
chloride and weighed once mgre. The
difference between the second and
third weighings was recorded as the
moisture held by the film at the end
of the test period. The difference be-
tween the first and third weighin
was recorded as the change in weigﬁst
(usually negative) of the moisture-
free film during test.

The results with oil and oleoresin-
ous films are recorded in Table 2, in
which the films are arranged in order
of decreasing absofrlﬁi:n of water by
the unweathered when soaked

_tween 20 and 49, between 10 and 20,

or below 10 per cent of water by vol-
ume. Results with latex films are simi-
lazly recorded in Table 3.

The results show that the permea-
bility of paint films to water vapor
is not primarily related to their water
absorption. Among the unweathered
pigmented oil and oleoresinous films,
there was 100-fold variation in water
absorption (0.8 to 86.4), but only
9:fold wariation in specific permeabil-
ity (0.06 to 0.54). For the group with
absorption greater than 49 per cent
(average 73.9), the permeability
ranged from 0.15 to 0.30, and aver-
aged 0.23. For the group with absorp-
tion less than 10 per cent, the perme-
ability ranged from 0.06 to 0.33, and

‘averaged 0.16. The next to the lowest

for three days, as reported in prior

papers (5). The films are scparated
im;:’c four groups according to the ab-
sorption of water by the unweathered
films. These groups are: above 49, be-

permeability, 0.07, and the highest per-
meability, 0.54, occurred in the sﬁ\e

groulp.
Afthough weathering usually de-
creased both water absorption and per-

Toble 2.—SPECIFIC PERMEABILITY YO WATER VAPOR (AT 70° F.) OF FREE FILMS OF OIL AND OLEORESINOUS PAINTS,
TABULATED {N ORDER OF DECREASING ABSORPTION OF WATER DURING J-DAY SOAKING
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meability, water absorption fenerally
was decreased proportionately much
more than permeability. Thus for the
most absorptive group, weathering les-
sened the average absorption from
73.9 to 20.7 per cent, whereas it only
lessened the average permeability from
0.23 to 0.19. Among the unweathered
pigmented latex films in Table 3,
water absorption ranged from 7.0 to
75.9 per cent, well within the range
for o1l and oleoresinous paints, but
permeability ranged from 1.44 to 6.45,
far above the range of 0.06 to 0.54
for oil and oleoresinous paints.
Weathering usually decreased the per-
meability of latex films proportion-
ately much more than it did that of
oil and oleoresinous films, but weather-
ing was less effective in decreasing the
absorption of latex than of oil or oleo-
resinous films. In fact, weathered latex
films often absorbed more water after
they were weathered than before. With
some latex films, weathering increased
water absorption while it decreased
permeability.

All films absorbed moisture during
the permeability test. The moisture
absorption varied from 0.1 to 10.6

grams per 100 cubic centimeters of
film. In general, those films that were
high in water absorption in the soak-
ing test were also relatively high in
moisture absorption during the perme-
ability test, although the parallelism
between® water absorption and mois-
ture absorption was imperfect. Meas-
urement of moisture absorption was
purely incidental to the measurement
of permeability. As a quantitative
measure of moisture absorption, the
method was crude and subject to much
uncertainty because the films were ex-
posed to damp air on one face and
to dry air on the other face. Also,

there was often a small but variable

amount of condensed water on the
damp face. Mote reliable measure-
ments of the hygroscopicity of films
of some oil paints were reported in
paper II (5), from which it can be
seen that the mojsture absorbed dur-
ing the permeability test was only a
fraction of the absorption by similar
films when both faces were exposed
for three days to air at 97 per cent
telative humidity, Thus a film of zinc
oxide in linseed oil absorbed 15.8
grams of moisture per 100 cubic cen-

timeters from air of 97 per cent rela-
tive humidity, but only 6.0 grams dur-
ing the permeability test.

There was nearly always a slight
change in the weight of the dry films
during the permeability test. Among
the unweathered films, 57 lost from
0.1 to 5.3 (only 4 of them over 1.9)
grams per 100 cubic centimeters, 4
remained unchanged, and 1 gained 0.5
gram per 100 cubic centimeters.
Among the weathered films, 43 lost
from 0.1 to 2.3 grams per 100 cubic
centimeters, 3 remained unchanged,
and 11 gained from 0.1 to 0.6 gram
per 100 cubic centimeters. Paint films,
of course, generally lose weight stead-
ily after they have passed the point of
maximum weight soon after they have
been formed. The small number of
positive changes in weight observed
may indicate that the downward course
in weiiht may sometimes be inter-
rupted by temporary additions of oxy-
gen or combined moisture.

To study the characteristic effects of
different pigments and of different
vehicles on the specific permeability
of films, parts of the data of Tables 2
and 3 were regrouped, certain aver-

Table 3.—~SPECIFIC PERMEABILITY TO WATER VAPOR {AT 70° F.) OF FREE FILMS OF LATEX PAINTS, TABULATED IN ORDER OF DECREAS-
DURING 3-DAY SOAKING AS REPORTED IN PAPER VIl OF THIS SERIES (3)

ING ABSORPTION OF WATER
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23.0 3.29 T sTitaniue dioxide SPVA 150 ¢ 3.8 ¢ .2 s w2 ¢ B2
22.7 1.4 : 1.8 :Wnite lesd saerylic % 2 3 .53 3 1.5 : =31 o b6
20.6 3.80 s 1.7 Megnesium silicate saty.~dut. MC; 3 52 t .6 : ek 2 35
0.4 L.57 H 1.2 32ine oxide aty.edut, ¢ 18,7 3 25 H 3.6 T =9 1 W8
Average 2u.1 3.09 1.5 : H r BE . 7 : L2 2 3 a2
OROUP WITH A/Vo SETVEZR 10 AXD 20 PERCENT
15.3 3.92 1.2 : «.6 : 3.7 :Titaniue dioxide 18ky.~but. MC: 9 .13 H 1.9 R SR W
13.3 o.h5 7 : <L5 : 5.8 :Megnesium silicete oty ~but. N 20 .9 ;w2 o A2
11.9 6.08 2.0 3 ~2 : 7,3 :White lead 1oty.=dbut. T s .05 : 5.4 : <13 5.0
10.9 5.23 1.1 «.2 : 5.0 :Titanium dioxide sety.-dut. 2 @ 1.03% H N -3 : 5.0
Average 12.8 5.42 - l.2 ~6 1 5k : 3 A o3 : 2% -5 8.4
GROUP WITH A/Y, LESS 7HAN 10 PRRCENT )
89 :,2.39 T 425 <2.5 @ _ b4 :Megnesium silicate SPVA : 182 0 10 e Ry PR SR W
Jsny . e : H6.9) 2 X-5.3) : J(5.4) :No pigment saty.-dut  :Styrens-butsdiens films were destroysd by cracking dur-
. ng veather.
Ye.2) X2 o« X100 ¢ ¥-2.1) : Xu.0) 1% plement VA : im.g) : l1x.33) Iy« Xes)  d39)
7.0 s 187 i : LI T 4 :'Ti!.lnl\n dioxide acrylic 3 6.5 1.6 .3 3 o+l 50
Aversge 7.9 1 3.13 : 1.6 -1.3 @ 4.5 H FRED v T ] 1.3% : .3 T e i kS

Ifrade brend latexes were used.

ZA trads.brand PVA latex paint.

HNalues 1n parsntheses wvere not included {n comp

106 of the .g

valuse for the group.

YAcrylic* means s polyacrylic latex; "PVA® polyvinyl acetate; "sty.-but,® a styrene-butsdiene; "aty.-but. W™ a styrene-
butadiene latex with sddition of methyl cellulose.

-

Yt same trade-brasd peiat the unvesthered film of vhich vas lesched in water and redried before testing. The absorpticn of wvater by the leached (ilm wase not

measured quantitatively but wap observed qualitatively to be much less than that of the unleached fila.
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age values computed, and the results
recorded in Table 4. Thus in the first
line of Table 4 are reported the aver-
age permeability and average water
absorption of the four unweathered
films and the four weathered films of
the white lead paints made with the
raw linseed oil, bodied linseed oil,
alkyd-resin varnish, and phenolic-
resin varnish vehicles. In the eighth
line of Table 4 are reported the aver-
age permeability and average water
absorption of five unweathered and
five weathered films with phenolic-
resin varnish pigmented with white
lead, titanium dioxide, zinc oxide,
lead-zinc, and titanium zinc,

In oil and oleoresinous vehicles,
white lead and zinc oxide made films
of lower specific permeability than cor-
responding films with antimony oxide,
magnesium silicate, or titanium diox-
ide. White lead and zinc oxide are
chemically basic and capable of reac-
tion with free fatty acids or acid de-
composition products in paint films,
whereas the other pigments are unre-

active in this sense. White lead made-

less permeable films than zinc oxide.
The pigments had very different effects
on water absorption. Thus white lead
caused low absotption as well as low
permeability, but zinc oxide caused
highest absorption despite relatively
low permeability. Antimony oxide,
which produced lowest absorption,

stood high in permeability.

In latex vehicles, pigments had rela-
tively less effect on permeability than
they did in oil and oleoresinous vehi-
cles. White lead, magnesium silicate,
and titanium dioxide stood in the
same relative order, but zinc oxide was
out of line in that it gave higher per-
meability than any other pigment in
latex vehicles. In water absorption by
latex films, white lead failed to take
the low relative position it did among
oil and oleoresinous films,

Among oil and oleoresinous vehi-
cles, phenolic-resin varnish made the
least permeable and raw linseed oil
the most permeable paint films. Bodied
linseed oil and alkyd-resin varnish
made films of intermediate and about
equal permeability. Phenolic-resin films
were also lowest in water absorption,
whereas bodied linseed oil was inter-
mediate, and alkyd resin and raw lin-
seed oil were relatively high. The un-
pigmented oil and oleoresinous vehi-
cles (recorded in Table 2 but not in
Table 4) made clear films that were
more permeable than the pigmented
films with the same vehicles, but in
water absorption the clear films were
intermediate among the pigmented

- films with the same vehicles.

Among latex vehicles, styrene-buta-
diene made pigmented films that, be-
fore weathering, were on the average

- more permeable but less absorptive of

water than the pigmented films of the
other latexes. The unweathered pig-
mented films with the other latexes did

_not differ significantly in either per-
meability or water . absorption, Fieg
mented films of styrene-butadiene and
of styrene-butadiene with methyl cel-
lulose became much less permeable
after they were weathered, so much o’
that they were little higher in perme-
ability than some oil paints. On the
other :gxrlnld, wfeathering gecreased the

rmeability of pigmented polyacrylate
frc»d folyvi?;yl acetate ﬁlmspgn)iy ‘Zmd-
erately, and they remained far more
ermeable than any oil paints.
eathering tended to increase the
water absorption of the latex films ex-

_ cept those made of styrene-butadiene
with methyl cellulose, for which the
absorption decreased after weathering.

Unpigmented films of polyacrylate
and po !vinyl acetate were less perme-
able before weathering than any of the
pigmented films of the same latex, and
after weathering were less permeable
than corresponding films pigmented
with titanium dioxide or zinc oxide.
Such behavior stands in strong con-
trast with that of the clear and pig-
mented films with oil and oleoresinous
vehicles. The unpigmented film of
styrene-butadiene was somewhat more

rmeable than any of its pigmented

Ims, but the unpigmented film could
not be tested after weathering because

Yable 4.-—SPECIFIC PERMEABILITY AND WATER ABSORPTION AS _AFFECTED BY PIGMENT AND VEHICLE INGREDIENTS OF FILMS

Pigment or vehicle
ingredient considered

e s 46 e o0 e

...........................

Kind and number of
vehicle or pigment
ingredients averaged

R L L TR L T TR T

films H

' e

cemvemnne e lescsmuees

Mg, mm. per cm”per

iSpecific permeability, P,: Water absorption, A/V

tevee= B Ly T ySypuysy A LR Ry

: Unweathered Weathered : Unweathered Weathered

films films ¢ films

4

hemmecmren (rrmmmnne .-

Percent by volume

s e

Pigments: - 3
White lead, L t0il and oleoresinous _{4):  0.10 __.:1
Lead-zinc, LZyg :0il and oleoresinous (4): W14 :

Zinc oxide, Z s0il and oleoresinous  (4): .18 ]
Titanium-zinc, TZ;g :0il and oleoresinous  (4): .19 B

ol Antimony oxide, A :0il and oleoresinous (4): .20 H
Magnesium silicate, X t0il and oleoresinous {4): .24 s

Titanium dioxide, T s0il and oleoresinous  (4): .28 :

iy - Qil and oleoresinous vehicles : : H
- Phenolic-resin varnish sL, T, 2, LZzs, TZ5 (5): .13 :
Bodied linseed oil iL, T, Z, LZ3s, TZ35 (5): .47 ¢

Alkyd-resin varnish :L, T, Z, L225. TZZS 25): .17 H

; Raw linseed oil L, T, 2, LZ35, TZ;5 (5): .25 :

1 Pigments: : H 2

i White lead, L slatex vehicles {3): 3.56 H

! Magnesium silicate, X datex vehicles {4): 3.76 ¢

! Titanium dioxide, T slatex vehicles {4): 4.08 :
Zinc oxide, Z slatex vehicles {4): 4,78 t

Latex vehicles:; : H H

Polyacrylic resin sL, T, 2, X {4): 3.44 :
Styrene-butadiene and 3 * : 3

methyl cellulose sL, T, 2, X [OF 3.48 H

Polyvinyl acetate s T, 2, X {3): 3.72 3
Styrene-butadiene L, T, 2, X {4): 5.58 :

" e

0.08 5.9 H 5.1
09 =@ 310 s 138
A7 2 46,7 ¢ l6.4
A3 2 44,6 s 13,5
.18 2.3 s 1.8
25 3 349 ¢ 11.4
.18 H 13.1 H 4.4
.10 : 5.0 H 3.7
16 ¢ 16.3 s 109
A2 2 49.6 s 132
22 ¢ 42.2 s 15,8
5T ¢ 28.7 s 26,3
.59 182 s 39,0

1.15 : 140 s 10.6

330 : 311 -3 36.6

204 : 226 : 53,8
.65 : 2B.8 s 13.2

3.18 21.2 H 31.6
39 3 14.1 $ 15.3
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it failed to remain intact. The high
permeability of the latex vehicles when
compared with oil and oleoresinous
vehicles, together with the differences
in relative permeability of unpig-
mented and pigmented films and the
generally low swelling efficiency of
latex paints, even before weathering,
that was pointed out in paper VII
(5). all suggest that the permeability
of latex depends largely on a condition
of porosity caused by failure of the
droplets of emulsified polymers to
coalesce to form a continuous matrix
(9). This condition is absent in oil
and oleoresinous films. It should be
noted, however, that latex paints of
low permeability comparable with oil
paints are said to be obtainable by
special formulation with suitable pig-
ments (14).

Variation of Permeability
with Temperature

Further information about the nature
of the permeability of paint films ‘was
obtained by studying the effect of tem-
perature on the permeability of films
of 12 paints. The equation given pre-
viously for specific petmeability, P,,
as customarily used by paint technolo-
gists apglies at only one temperature,
at which the vapor pressures on the
two faces of the film differ always by
the same amount. A more general re-
lation for a permeability constant,
P, is

ml

P=—
qtp
in which 2 is the mass of water vapor
in grams that passes through a hlm
of thickness / in centimeters and area
4 in square centimeters duzing time ¢
in hours under a difference in vapor
pressure of p in centimeters of mer-
cary (6, 7, 11, 13, 24, 29, 32, 33).
(Choice of units of measurement var-
ies among the workers.) If the vapor
pressure over calcium chloride is con-
sidered zero, p may be taken as the
vapor pressure of water at the tem-
perature of measutement, and then:

at38° F. P =723 X 10-7P,
at 70° F.. P = 22.3 X 10 —* P,
at156°F., P =188 X 10 ~-7P,

If the permeability constant is in-
versely proportional to the thickness
of film and directly proportional to
the difference in vapor pressure, the
relation between permeability constant
and temperature 1s

P = P, e —E/RT -

in which P, is the permeability con-
stant independent of femperature, E is
an activation energy, R is the gas con-
stant, T is the al
and e is the base of natural logarithms.

6

lute temperature,

The logarithm of P should then be
proportional to I/T (6, 7, 11, 24, 32).

Films of 12 paints and clear vehi-
cles reported in.Tables 2 and 3 were
selected for measurement of permea-
bility at different temperatures. The
permeability of each film was deter-
mined first at 38° F., then at 70° F,,
and finally at 156° F. Specific perme-
ability was converted to a permeabil-
ity constant by the equations cited.
The results appear in Fig. 1, in which
P is plotted on a logarithmic scale
against 1/T.

The logarithm of the permeability
constant was linearly related to 1/T
for all films. tested. The constant was
much larger for latex films than for
il and oleoresinous films, although
at 156° F. (1/T = 29 X 10 -%)
the largest constant for an oil film was

nearly as large as the smallest constant
“for a latex film, The 12 constants

spread over a2 much wider range at
38° F, (1/T = 3.6 X 10 —*) than
at 156° F.

For six of the eight oil or olcoresin-

ous films, the slope of the line relating
log P to 1/T was negative, which in-
dicates that the activation energy was
greater at high than at low tempera-
ture. Such negative slope has generally
been reported in the literature on per-
meability of films of plastics and
?aints to water vapor and gases. But
or two oil or oleoresinous paints,
white lead in alkyd resin and
weathered white lead in raw linseed
oil (lines 6 and 8 in Filg. 1), and for
all four latex films studied, the slope
of log P versus 1/T was positive, It
therefore appears possible for the ac-
tivation energy to be greater at low
than at high temperature. Positive
slope is not peculiar to white lead,
raw linseed oil, the alkyd resin, or
weathered films,. because negative
slopes were observed for unweathered
white lead in raw linseed oil and for
weathered lead-zinc in alkyd resin. Bos-
itive slope, however, may be character-
istic of latex films. ‘

The permeability constant is further
related to the diffusion constant, D,
and the solubility of water vapor in
the film, S, by the relation P = DS,
The activation energy is the sum of
the activation energy for diffusion and
the heat of solution of water vapor in
the film. Since a decrease in diffusion
with increase in temperature is highly
improbable, the positive slope of lgﬁn};
versus 1/T for latex and some oil
suggests that the solubility of water
vapor in such films decreases with ris-
ing temperature. Experimental data to

~ test the suggestion are not yet avail-

able.

It should‘:;c inted :ﬁltﬁthh;; water
vapor passe ough more
rapidly at 156° F. than at 38° F,

whether the permeability constant in- *
creased or decreased. Thus for the film
of titanium dioxide in ‘yolyacrylic latex
(line 12 in Fig. 1), for
fell off most rapidly with fising tem-
perature, the Payne specific permeabil-
ity, P,, was 29.1 at 156° F. and only
216 at 38° F,

The Payne-cup method was chosen
for the measurements of permeability
becanse much of the published data

for paint films has been obtained by

that method. The method is attractive
for its convenience, but it is o to
possible objections, especially A);n de-
terminations at other than room tem-
perature, Once the cup has been closed -
with 2 film that is impenetrable by air
under a pressure gradient, there can
be no movement of air in or out of
the cup to offset the change in volume
of enclosed air when the temperatute
is altered or when moisture vapor es-
capes through the film, Flexible films

are then stretched, and their exposed

. area is increased by the difference be-

tween the internal and extesnal pres-

‘sures. On the other hand, if the film

is penetrable by air under a pressure
gradient, there may also be loss of

~ moisture vapor bg penctration in addi-

tion to the loss by permeation. More-
over, poor circulation of air inside and
outside the cup may result in pres-
sure of moisture vapor somewhat be-
low saturation at the film interface
within the cup and greater than zero
at the film interface outside the cup.
Thus it is desirable to test further the
relations between the temperature co-
efficient of the permeability constant
and the absolute temperature by some
method that is less open to objection
than the Payne cup.

More recent tests have shown that
the logarithm of the permeability con-
stant may not always be related lin-
carly to the reciprocal of the absolute
temperature. Chips of paint from the
Washington Mansion at Motint Ver-
non, Virginia, gave permeability con-

- stants of 8.8 X 10 =7 at 36° F., 29.0

% 10 =7 at 70° F., and 36.1 X 10 —*
at 156° F. The constant at 36° was
much too low to comply with a linear
relation. The chips were 73 to 110
mils thick, and were made up of white
paint containing sand to produce a
tough surface. The paint was applied
in asbout 20 paintings from 1775 to
1956.

Penetration by Air uader Pressure
ifference '
The term breathing propetly applies

‘to a movement of air into or out of

a discretely Foxous or cellular body -

s\;ch as the Gnn unzlet 2 difference
of pressure. Gardner (12) apparentl
i B o

so intended, when he intr
term, to distinguish some paint films
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Fig. 1.—Permeobility constont, P, plotted on u logarithmic scole os
o function of the reciprocal of the absolule temperature for films num-
bered os follows: 1. Lead-zinc in alkyd resin, weathered; 2. While
lead in bodied linseed oil; 3. White lead in raw linseed ojl; 4. 2inc
oxide in row linseed oil; 5. Bodied linseed oil without pigment; 6.
White lead in alkyd resin; 7. Titonivm dioxide in vow ki d oil;
8. White lead in row linseed oil, weothered; 9. Polyvinyl acetote
lotex without pigment; 10.. Tilanium dioxide in styrene-butadiene

Yoble 5.—PENETRAVION OF FILMS OF OIL PAINTS BY AlR
UNDER A PRESSURE ORADIENT T

Rate of passage of air un-

der 0.88 atmonpbere dil:;

snce of pressure h

ineat 3.14 square eentimeters of

e Unweath- Westhered
film

Composition of ol ining Alm of film  ered fiim
Ce‘patmln.(:c.pat;nln.

Commercial “brea " palnt...... 0.39
é oy ...u.'w X‘”M _____ "0 H o.s
Raw linseed oll paints ted with: :
Basic earbonate white Jend . coeeeoe.oo . .60 o (1]
Basic cathonate white lead...... .80 [] [
ine oxide. . orenencoiacn . .60 5.8 -
Zive oxide..... +88 .6 cees
Zinc oxide....... -30 0 .25
1 dioxide. .80 21.9 e
dioxid i85 18.8 s
T dioxide.. .60 ] 3.7
T dioxide........ .45 P 11.8
I dioxid : .30 0 0
Magnestum silicate .. c.ovoraonceaenn .30 )

¢

Table 6.—PENETRATION OF FILMS OF LATEX PAINTS BY AR
UNDER A PRESSURE GRADIENY

Bt et 0w 2
through 8.1¢ square centimeters of

Unweatherad W.;thued

Ce.permin.  Ce. per min.
C ia) polyvinyl acetate paint. ........ [ (]

nyl acetate latex with:

C sition of lat

ining filra

latex; 11. White leod in styrene-butadiene lotex; 12. Titonium diox-

ide in acrylic latex.

from others. All breathing paint films
should therefore be readily penetrated
by air, but not all films shougbreathe,
even though all paint films tested so
far are permeable to water vapor in
at least some degree. It was therefore
of interest to learn whether ordinary
paint films let air pass through under
a pressure gradient, and if not,
whether there are paint films that do.

A suitable device for the purpose
was made with an Asbeck-Van Loo
critical pigment volume cell (1). The
cell consists of two bell-shaped parts
of glass, the wide portions of which
fit together in a ground-glass joint.
The gottom part, which forms the
male piece of the joint, is closed by a
fritted glass disk set flush with the
glass rim. The narrow portion of each

art ends in an outlet tube. The out-
et of the male part was inserted
through a rubber stopper in the mouth
of a 1-liter filter flask, the side arm
of which was connected through a
stopcock to a water aspirator for suc-
tion. An open-arm mercury manometer
was rovi§ed to measure the pressure
of air in the filter flask. There was
also a bleeder tube with stopcock to
admit air for precise adjustment of
suction at the beginning of a test,
prompt release of suction after a test,
and admission of air when calibrating
the apparatus. The total volume of air
at atmospheric pressure contained
within the apparatus between the sur-
face of the fritted glass disk and the
aspirator stopcock was 1290 cubic
centimeters.

0 0
1800 F* 2000 F
oF oF
oF oOF
0 G4 F
OF 78 F
1500 F 1900 F
0 1
[ 0
L
] 230
0 Q
) 46 F 180 F
s ngneb-ium d“uhhﬁi.ﬁt.& ....... SRRt 0 1
tyrene-butadiene methyl ' .
cellulose and:
1omd . e acincce————— oF 20 F
Zine oxide._......... Y (13
Titanlum dioxide. ... OF []
um ] 0

¥The symbot F indicates filma that could be seen to eontain small vacuole
caused by retontion of foam after the wet flim hardened., | vacuoles

A circular sample of paint film to
be tested was cut exactly to the diam-
eter of the fritted glass disk. A ring
made of a short piece of copper tub-
ing 2 centimeters in diameter inside
was centered over the film. A rim of
molten paraffin was then formed be-
tween the outer surface of the copper
ring and the glass rim of the cell and
allowed to harden. Thus only the por-
tion of the paint film enclozec} within
the copper ring was exposed for pos-
sible geprfetratign by ai?.o'l‘he fcrg:lse

- part of the cell was then placed in

fosition over the sample, and its out-
et tube was closed by a short piece
of rubber tubing and .pinchcock.
Air was evacuated from the appa-
ratus and the suction was adjusted
through the bleeder tube until the
manometer segistered —28.9 centi-
meters of mercury, a pressure differ-
ence of approximately 0.38 atmos-
phere. A constant level in the manom-
eter for five minutes indicated that
the apparatus was free. from leaks. The
pinchcock at the outlet of the female
part of the cell was then removed, and

a stop-watch was set in motion at the
same time. If the paint film permitted
air to pass, the manometer reading was
recorded when exactly five minutes had

_elapsed. Impenetrable films, of course,

itted no change in manometer

reading. If a film was so porous that

the pressure rose to —7.9 centimeters
of mercury within five minutes, the
time required for pressure to rise
from —28.9 to —7.9 was recorded,
and several successive tests of the film
wete made, ‘
To permit computation of the rate
of passage of air through the films,
the apparatus was calibrated as fol-
lows: The fritted glass disk was sealed
with a disk of paper entirely covered
by a layer of paraffin. The system was
evacuated to a manometer reading of
—~28.9 centimeters of mercury. Succes-
sive volumes of approximately 50
cubic centimeters, accurately measured

" in 2 gas burette, were admitted through

the bleeder tube, and the manometer
reading was recorded after each ad-
mission until the manometer reached
—1.9 centimeters of mercury. A cali-

' . 7

GLD3804T




bration curve was then drawn to relate
manometer readings to volume of air
at atmospheric pressure.

When the fritted glas disk was left
open, air passed through.it at the rate
of 3320 cubic centimeters a minute.
When an impenetrable paint film was
perforated five times with the point of
1 common pin and then tested, it al-
lowed 321 cubic centimeters of air to
pass 2 minute.

Table 5 reports the results obtained
with some oil paints. A commercial
“breather-type” paint, said to resist
blistering because it is porous enough
to breathe, allowed no air to pass
through its unweathered film and only
0.6 cubic centimetets a minute through
its weathered film, Its specific permea-
bility to water vapor {Table 2) was
also very low. Such paint cannot prop-
erly be said to breathe, although it
may well be reasonably resistant to
moisture blistering. Another commer-
cial paint said to resist blistering but
not claimed to breathe ailowed no air
to pass and was also very low in spe-
cific permeability to water vapor
(Table 2).

Single-pigment paints made with
raw linseed oil and white lead, zinc
oxide, titanium dioxide, or magnesium
silicate at 0.30 pigment volume, which
is within the range of pigment vol-
ume customary for house paints, al-
lowed no air to pass through their un-
weathered films. The weathered films
were also impenetrable or, in the case
of the weathered zinc oxide film, very
neatly so. Unweathered films porous
enough to pass aic, however, were
made with zinc oxide and with titan-
ium dioxide by raising the pigment
volure to a point far above that prac-
ticable for house paints. Thus the zinc
oxide paint film at 0.55 pigment vol-
ume passed 0.6 cubic centimeters of
air a minute, and at 0.60 pigment vol-
ume it passed 5.3 cubic centimeters a
minute. The titanium dioxide paint
film at 0.55 pigment volume passed
13.3 and at 0.60 pigment volume 21.9
cubic centimeters 2 minute. Films of
white lead paint, weathered or un-
weathered, were impenetrable even at
0.60 pigment volume. The critical pig-
ment volume, the point above which
there is no longer enough linseed oil
to fill all the spaces between particles
of pigment in the dried films (1, 3,
10, 27), was shown in piz)cr IV (5)
to lie between 0.55 and 0.60 for white
lead ‘paint, 0.45 and 0.50 for zinc
oxide paint, and 0.40 and 0.45 for
titanium dioxide paint. It may be con-
cluded, therefore, that films of oil

aints breathe in the sense of becom- -

ing penetrable by air under a pressure
gradient when the paints are made at
a pigment volume somewhat above the
critical. The data of Table 5 suggest

8

further that weathering tends to de-
velop penetrability to air in some films
that before weathering were impene-
trable. Sufficient weathering to cause
paint films to crack renders them
readily penetrable to air, of ¢ourse,
Results with films of latex paints
are reported in Table 6. Most of the
unweathered films and 8 of the 18
weathered films allowed no air to
pass. Four unweathered and 10
weathered films were penetrated by air.
Two unweathered anse;:mr weathered
films were porous enough to let
through 920 to 2000 cubic centimeters
a minute. Penetrable weathered films
always passed more air than their un-

weathered counterparts. Neither the

composition of the latex nor the kind
of pigment seems to govern penetra-
bility, because both penctrable and im-

penetrable films were obtained with

each kind of latex and with each pig-
ment.

The behavior of latex paints in
tests of permeability to water vapor
and their low swelling efficiency w
sozked in water were attributed to
porosity caused by failure of droplets
of emulsion to coalesce completely
when the films harden. Such porosity
evidently need not render the films
penetrable by air if the pores are not
connected with one another. Penetra-

bility by air may require larger pores

that join together to afford continu-
ous passageway. .

Clearly, water vapor permeates most
paint films by some mechanism other
than passage through interconnected
pores, because penetration by air under
a pressure. gradient and permeability

. to water vapor are not at all parallel.

Fifteen unweathered latex films that
were impenetrable by air ranged in
specific permeability to water vapor
from 1.33 to 6.77 (Table 3), com-

" pared with a range of 0.07 to 0.43

(raw linseed oil without pigment
1.39) fot films of oil paint (Table 2).
Latex films through which air passed
at 1500 or 1800 cubic centimeters a
minute were lower in specific peeme-
ability to water vapor than some of the
latex hlms through which no air
gasscd. Weathering rendered penetra-
le some latex films that were impene.
trable to air before weathering, and
increased the penetrability of those
latex films that were previously pene-
trable. Weathering often had the op-
posite effect on specific permeability to
water vapor, however. Thus, for ex-
ample, when films of titanium dioxide
in styrene-butadiene latex were
weathered, penetrability increased 46 to
1600 cubic centimeters of air 2 minute,
but specific permeability to water va-
por decr: from 5.23 to 1.03.
Latex paints have a notable tend-
ency to tetain foam unless they are

made with effective anti-foaming.
agents. Such agents were not used in
the latex paints made in the laboratory.

The latex films that were tested for

penetration by air were therefore ex-
amined by transmitted light under a
microscope. Some of the films (indi-
cated in Table 6) contained easily ob-
servable vacuoles that presumably were
left by foam in the wet paint after the
film hardened. Some vacuoles clearly
afforded passage from one side of the

film to the other. Others apparently -

were completely enclosed within the

film. Most of the penetrabilikzedf latex .

films to ait may therefore be attrib-

* uted to open pores left by foam

paint. There were some films wi
vacuoles that were impenetrable, how-

- ever, and some apparently free from

vacuoles that were etrable, espe-
cially the weathered film of white lead
in styrene-butadiene latex that

230 cubic centimeters of air a minute.
But permeability of the films to water
vapor apparently was unrelated to the
presence of vacuoles, because the eight
unweathered latex films with observa-
ble vacuoles ranged in specific perme-
ability from 1.44 to 6.03 (average
3.87), wheteas the 11 films without

_observable vacuoles ranged from 1.33

to 6.77 (average 4.24).

‘Most films that were penetrable to
air could be tested repeatedly with
concordant results, which indicates
that the films were unaltered by the
pressure gradient of 0.38 atmosphere
during test. Four weathered films of
latex paints, three with and one with-
out rvable vacuoles, were exce

. tions. With the film of white lead 1n

polyacrylic latex, five successive tests'
of air penetrability gave rates of 78,
96, 118, 123, and 145 cubic centi-
meters 2 minute, respectively. Such in-
creasing penetrability might be attrib-
uted to repeated fracturing of the walls
of vacuoles under stress exerted by the
pressute gradient on a film rigid
enough to resist compression, But the
other three exceptional films exhibited
a reverse behavior, a decrease in pene-
trability with each successive test. The
weathered film of unpigmented poly-
acrylic latex fave successive rates of
penetsation of 64, 45, and 36 cubic

centimeters of air a minute, the weath-

ered film of zinc oxide in styrene-
butadiene latex containing methyl cel-
lulose gave successive rates of 65, 56,
s4, 52, and 51 cubic centimeters a
minute, and the weathered film of
white lead in sg'tene-butadicne latex,
which contained no observable vac-
uoles, gave successive rates of 230 and
90 cubic ceatimeters 2 minute, De-
crease in penetrability in successive
tests may indicate that the film be-

_comes permanently compressed, and

the effective cross section of its pores

-
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becomes diminished by application of
pressure.

Conclusions

1. The penetration of water through
coatings of oil paints can be observed
by application of the coatings over a
thin layer of blue cobalt chioride in
methyl ccllulose on clean glass: The
coatings may then be weathered before
testing by exposure to artificial sun-
light (without spraying with water).

ests are made by immersing the
coated specimens in water and observ-
ing the time required for the cobalt
chloride to change from blue to pink
and for the coating to become
blistered.

2. Penetration of water occurs earlier
in some portions of a given coating
than in others. First penetration
through unweathered coatings was ob-
served in 2 to 13 hours, but penetra-
tion was completed only after 9. to 48
hours. The “wet line” advancing
through a coating evidently is of very
irregular  depth, which suggests a
heterogeneous film structure. Although
longer time is required in general for
water to penetrate thick than thin coat-
ings of a given paint, the relation be-
tween time and thickness is not
sharply defined, as might be expected
from the observed irregularity in
penetration. Blistering does not occur
unti} penetration is well advanced, but
may occur before penetration is com-
plete. .

3. Penetration occurs faster in coat-
ings of high water absorption, such as
zinc oxide paint, than in coatings of
low absorption, such as white lead
paint. Weathered coatings are usually
penetrated more rapidly and blistered
sooner than are unweathered coatings
of similar paint. The relations between
time of penetration and thickness of
coating and between penetration and
water absorption are also more obscure.

4. The mechanism of blistering in
these tests is largely osmotic, because
the blistering occurs much sooner
where the water-soluble cobalt chloride
and methyl cellulose ase interposed be-
tween coating and glass than else-
where.

5. Measurements of the specific per-
meability of paint films to water vapor
(Payne cup method at 70° F.) re-
vealed that permeability and water ab-
sarption bear little or no relation to
each other. Both high and low permea-
bilities were found among highly ab-
sorptive films and also among films of
low absorption. As groups, oil and
olcoresinous paint films are very much
less permeable to water vapor than are
latex paints, yet the range in water
absorption of the latex paints falls
within the range for oil and oleoresin-
ous paints. If water absorption affords

an _indication of the resistance of a
gaint to moisture blistering, permea-
ility to water vapor does not, at least
within the range of permeabilities of
the oil and oleoresinous paints.

6. During permeability tests in
Payne cups, paint films absorbed much
less moisture than when they were
soaked in water. The amounts were
roughly parallel, however. Such absorp-
tion in Payne cups may be high when
the permeability is Jow, and may be
;\qwhwhcn the permeability is relatively

igh. :
7. In oil and oleoresinous vehicles,
both white lead and zinc oxide make

aint films of lower permeability than
15 obtained with titanium dioxide, an-
timony oxide, or magnesium silicate,
White lead and antimony oxide impart
low water absorption, however, where-
as zinc oxide imparts very high water
absorption. In latex vehicles, permea-
bility is high with any of these pig-
ments, and both white lead and zinc
oxide tend to cause higher water ab-
sorption than titanium dioxide or
magnesium silicate. Among the vehi-
cles tested, phenolic-resin varnish
made paint films that were usually low
in both permeability and water ab-
sorption. Raw linseed oil vehicle fa-
vored high permeability and high ab-
sorption, bodied linseed oif held an
intermediate position for both permea-
bility and absorption, and alkyd-resin
vehicle developed intermediate per-
meability but even greater absorption
than raw linseed oil.

8. The specific permeability of all
paint films increases rapidly with tem-
perature. Study of films of 12 paints,
however, showed that the logarithm of
the permeability constant, which con-
siders differences in vapor pressure, is
linearly related to the reciprocal of the
absolute temperature, which is to be
expected of hlms that are not too hy-
drophilic and do not swell too much.
Latex films differ strikingly from most
oil or oleoresinous films in that their

rineability constant js not only much
igher, but also decreases as tempera-
ture rises, There were two oil paints,
however, for which the permeability
constant decreased with rising temper-
ature. For such films, the solubility of
water vapor in the film probably falis
as temperature rises,

9. A device was constructed, based
on an Asbeck-Van Loo cell for meas-
urement of critical pigment volume, to
study the ability of paint flms to
“breathe” in the sense of permitting
air to pass through under a pressure
difference of 0.38 atmosphere. Films
of linseed oil paints within the range
of pigment volume practicable for
house paints are incapable of such
breathing. ' Films that can be pene-
trated by air under a pressure gradient

can be made with J:igmcnt volumes
well above the critical pigment volume.
A commercial “breather-type” paint
was found to be impehetragfc by air
until its film had been weathered. Im.
penctrable films may become porous
enough to breathe after they have been.
weathered, but some paint films re-
main impenetrable after 15 days of
artificial weathering. Films of latex
paints made 2t pigment volumes suit-
able for exterior use are impenetrable,
ot neatly so, provided that the films

are free from vacuoles left when

foamy tE:int hardens. Vacuoles may
make the films penetrable or leave
them still impenetrable, depending on
whether the vacuoles are connected
with one another or remain isolated.

10. The permeability of paint films
to water va}xur is not governed by the
presence of pores through which air
can pass under a pressure gradient.
Films highly per le to water vapor
may be entirely impenetrable by air.
On the other hand, latex films of very
high penetrability by air because of
vacuoles may be no mote permeable to
water vapor than other latex films
that are impenetrable to air.
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