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Swelling of Paint F

Absorption and Volumetric Swglling of Bound and
Free Films From Air of Different Relative Humidities

wivn “ne Loampliments

F. L. BROWNE,

This, the third paper in o saries, shows that both free and bound
films (coatings on g.ass) absorb moisture from damp air and swell,
though the absorption is much less than it is when the fRims are soaked
in water. The measurements In oir are complicated by the fact thot
the films lose weight during the tests from escape of volatile de-
composition products steadily formed by oxidation of the paint ofis.
At low relative humidities such losses overbalance any absorption of

moisture,

HE TWO PREVIOUS PAPERS in this
series (1, 2)* showed that films of
house paints, when immersed in water,
absorb much of the water and swell in
volume. Although bound films (coat-
ings on glass) absorb and swell some-
what less than free films, the imbibition
by bound films is still large, particulasly
if the paint coptains pigments that
stimulate absorption. The purpose of
the experiments reported in this dpa}x:
was to learn whether bound and free
films take up moisture from damp air
and, if so, how the extent of the
changes varies with the relative hu-
midity of the air.
The experimental technique used to
measure absorption, changes in volume,

“area, and thickness, and loss of soluble

and volatile substances during the test
petiod was described in the second pa-
per (2). Five coating materials were
selected from those previously tested in
water, namely, unpigmented linseed oil
and 4 single-pigment paints of 0.30
percent  pigment volume made with
magnesiom  silicate, basic carbonate
white lead, zinc oxide, and anatase ti-
tanium dioxide, respectively. The white
lead paint is one of relatively low ab-
sorption, the zinc oxide paint is very
high in absorption, and the magnesium
silicate and titanium dioxide paints are
of intermediate absorption. :
Bound films were spread on clean
glass microscope slides of 1.5 by 3
ifnches in size. I;r:lc films wete made
rom coatings spread on ed L.
Linseed oil wfs applied by bnl:salfi;g
in three successive coats a day apart.
T3A contributed

papet,
.3 Maintained_ at Lﬁdi&on. Wis., in coopera-
u%nNmth the University of Wisconsin,

at end of text.
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sin. He first join

Paints were spread in one application
by a doctor blade. The coatings were
allowed to dry in a laboratory near a
window with northern exposure that
was kept d;s“ﬁ;m(l;m films ‘;ﬂ:;
st from paper when

hadp %:dmd for 10 days. Tpu were then
cut to 1.5 by 2.5 inches in size and
marked in waterproof drawing ink with
datum lines for measurement of length
and width with 2 traveling microscope.
Each film was equipped with a suitable

suspending hook made of copper wire
an mde?ugllymtto wei 0._0;?%? gam
in air. The hook supplied 2 means of

suspending the films freely in the air
of ‘the humidity rooms and also from
the arm of a balance for weighing in
air and in water. ’

Both free films and coatings on glass
were dried in a desiccator over oal-
cium chloride before they were weighed
initially in air and in distilled water.
They were then promptly moved to the
humidity room in which they were to
be tested. Coatings on glass were sup-
ported on shelves of open wire mesh
through which air circulated freely.
Free films were suspended to
both faces to the air. e samples
of each paint were provided for each

humidity condition and for- each pe-

riod of exposure. One complete set of
films was for 3 days and sn-
other complete set for 7 days. In all
humidity rooms the air was maintained
at 80° F. Five rooms were available
in which the relative humidity was held
at 97, 210, ?AO& dfj&;n:lnd 30 percent,
respectively. iti sets of speci-
mﬁmy kept in desicoators ovetps:l-
cium ddxlcridc for 3 :mil for 7 lcdtays to.
provide exposure to nearly complete dry-
ness. The specimens were 14 days“ix:i
on entering the 97 and 90 percent hu-
midity rooms, 20 days’ old on entering
the 80 and 65 nt-humidity rooms,
and 24 days’ old on entering the
30 percent humidity room or the
desiccators, '

Buckman Labor

ilms in

of 345

ries, Ine
ater, III'

Chemist, Forest Products Laboratory, Forest Service, U, S, Department of Agriculture

For weighing the specimens in the
humidity rooms at the conclusion of
the test period a chainomatic balance
and a traveling microscope were
mounted on 2 suitable cart to be moved
to the room in which measurements
were to be made, Thus, the “swolien”
weights and dimensions were deter-
mined without ambiguity from changes
taking place during the time of measure-
ment, g i from the desicaators
wete measured with the equipment
standing in the Laboratory, but the re-
sults show that moisture changes at fow
relative humidities are negligible.

The data given in tables 1 and 2 for
absorption during immersion in water
for 3 days were taken from the previous
paper (2). That paper should also be
consulted for the metnods of alculating
results, excspt for an additional provi-
sion described in the fourth paragraph
following.

Results

Results with bound films (coatings
on glass) are given in table 1, those
with free films for 3 days in
tsble 2, and those for free films ex-
posed for 7 days in table 3.

Much less moisture was absorbed
from damp air than from contact with
water during immersion, Even in 97
pescent relative humidity the absorption
was never much mote a third, and
often it was Jess than a fifth of the
absorption from water. Nevertheless,
there was measurable absorption at the
higher humidities by all paints except

ite lead paint in free films and n
the bound Alm of longer exposure. At
30 percent relative humidity no paint
tock up s measurable amount of

" moistute.

. The absorptions recorded, however,
ar¢ probably underestimated, ion-
lasly so at the intermediate and lower
humidities, because there was a steady
loss of volatile substances from all -of
the films throughout the periods of
exposure. This Joss, except for the more

ive paints at the higher humidi-
ties, 15 comparable in magnitude to the
moisture absorbed. Moreover, it is un-
likely that the loss of volatile sub-
stances is celiably measured by the
losses in weight during test recorded
in the tables, for the volatile sub
stances given off arise chiefly from dis-
mptive oxidation of the oil vehicle and
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Table 1.—DATA FOR BOUND FILMS (cootings on glass) OF LINSEED Ol AND OF FOUR PAINTS TESTED BY IMMERSION IN WATER FOR 3
DAYS AND 8Y EXPOSURE TO AIR OF DIFFERENT RELATIVE HUMIDITIES FOR 3 DAYS AND FOR 7 DAYS—ASSORPTION -

OF WATER OR OF MOISTURE, YOLUMETRIC SWELLING, SWELLING EFFICIENCY, CHANGES IN'

YOLUME ON REDRYING, AND LOSS IN WEIGHT DURING TEST

iWhetber tested:
tin water or in:--

Paint or clear
vehicle (density

3-day test period ]

esmcevarrennt

T7-day test period

of nonvolatile : air of the :Before testing:Absorp-:Svell-:Swell- :Redried:Loss in:Before testing:Absorp-;:Svell-:fivelle ;Nedried:Loss in
while liquid) Telatlye  tesesecmc.o-o-e: tion :oing 1 INg  change :weight i-e-ecnieeeciiiy tiow o ing i ing  ichenge swelight
:humidity (R. :Density:FPilm : AV, : in teffte : in :during :Density:Film : AN, : in cefffe : 48 :during
:E.) indicated : sthickes tvolumeiciency :volume : test 3 sthicke: volume:iclency svolume : test
: p : ;eu : T AV, BVgVo/A: MYy  :Bp/V, : ¢ ;:u t 1 &V MVaVo/A1 AV  :8./%,
: : O A : 1 : : H H H . H H : .
3 3 i Mils :Percent: Per- :Percent:Percent:Percent: : M) Percent: lPer- :Percant:Percent:Percent
3 : : 3 t Cent ¢ : H L : : ? gent 1 : :
Rav linseed oil :Water 115 : 2.7 :17.5 : 183 : 10b =37 : M6 (1) eoiadrarsanst ...s:u...-.;.......:..-.....
(0.933) tAir, 97 RE, 3 1.12 : 3.8 5 55 : 68: 12k :-3.2 : 2h :1Y2 :3.0 : 59 : 5.9: 100 : 2.3 : 3.2
:Air, O$ R.E, 2 .13 :3.3 : 29 : k2 : 184 : 3.1 : 2.0 : 1222 : 3.{ T 29 : 2.9: 100 : 2.2 3 29
tAir, S0 R.2, : .11 : 3.7 : 2.9 : 2.1: g : =8 : 20 1132 : a. s 2% 3 13: Sk o3 o6 : 2,0
iAir, 6 R, 2 LQB ;2.8 : 2.3 : 2.0: t 43 3 16 :102 : K2 21 s 20y 95 3 -6 3 1.5
sAir, 30$ R.2. £ 2,12 : 31 : © 20 fieennes $«2,3 ¢ L7 £l s hM ;0O $ 0 fiieieelr w9 f LS
:Atr, ary $1.13 : 3.0 : © T 0 ..., et =S 3 9 222 133 2 O F - N T I
s 3 B t : 2 s s 1 t s H :
Magnesium silicate:Water T 170 ¢ 3.3 : 0.7 1 M9 B 32 L (1) teieeiiteciieietien. :.......:.......:........
p/ov 0.30 :Alr, 79 R.B. 2 L6k : 3.6 : 9.5 :10.5: s : 16 186 1AL : 9.3 : Gl 99 -7 1 25
1.515 sAir, RH :1.68 :3.8 ; 3.0 : M) s : 18 2166 139 : 3.5 : 3.3: S o:a27 : 23
:Alr, BO$ R.E, : 1.68 : 4.1 : 2,2 : 1.k s + 216 :1.69 :3.9 : 28 : 1.0: B2 : -1 : 2,2
sAir, 658 R.H. : L.69 : 3.8 : 1M : .6: s t Ll $2.69 T 2 L5 : W3: 20 3 47 : 13
:Atr, 30$ R.B. : 1.68 :3.8 : O : 0 : i .9 2280 :3.6 : 0 H Sesssesss =5 3 1A
:Alr, dry :1.68 :39 : 0 : O . t .7 2167 £37 2 0 20 i, 2 : .8
Basic carbonate :Water $3.00 3.5 : 8.2 : 8.7: : 3.0 3 (1) :......:-......:.......' .‘................
vhite lesd, ALlr, 974 R.B. : 2.92 : 3.5 1 2,9 : M2 s 3.3 : 2?'52 t3h : O 1 0 .: 2.1 : 3.3
1, p/nv 0.30 Afr, 90% R.E, 2,92 :3.3 : O : 0 5 L9 : 293 :133 : 0 s © el 1 2,6
(2.705) Alr, 804 R.B, : 2,98 :3.3 : O : 0 s ) 1297 £33 : 0 : 0 . «3 1 2.,
sAtr, 65 R.H. : 2,98 : 3.2 : O : 0 : 3.1 :297 :3.3 : 0O : 0 . +.5 1 1.2
:Air, 304 R.B. : 2.9% :3.2 : O : O t .9 26k 35 : 0 0 . t «6 : L1
:Alr, dry 1293 :3.6 : 0 : 0 : P03 1295 538 2 0 1 0 tueeer 42 3 L6
: : s s B : ¢ i : H : H t H
2inc oxide, 2,  :Wster 2251 ¢ 28 :627 :620: t 23 ot (1) zeeesa fasasas steseneelonerceelacirestrocarione
p/nv 0.30 ALY, 9T RE. 3 206 : 3.3 :16.0 :16.9: i b 3286 5 3h ;200 1292 3 -0%: L6
{2.345) :Mir, 0P R.B. : 286 :3.0 : 2.5 : 3.8 b2 248 £3.3 ¢+ 208 2 20: B r b : L1
Alr, BOS R.B. : 249 : 3.6 : 2.2 : .9: t .7 228 :3.3 : 20 pr .2: 10 31410 3 LS
Alr, 654 BB, £ 2,50 :3.3 : 16 : .T: PoW3 328 32 : LS 5 W5 33 s AT s .3
Alr, 308 R.E : 249 : 3k : 0 : O t.9 1287 139 1 0 3 0 see.iiar -2 3 L9
:Alr, dry .2M :35 : 0 : 0 r .5 1287 133 ¢ 0 £ 0 iieniier «3 @ B
: s H : H H : H H H 3 s H :
Titsnium dloxide, :Water . 202 ;26 235 A9 - 15 JEETNE ¢ ) I SO T s SRS T SR SO
anatase type, :Alr, TS R.E. 1 2.95 : 8.5 : b0 : 5h: : 1.0 1153 2.8 1 5.0 : 5.2: 106 3 el7 : 1.
Tyz02 p/ov 0.30 :Alr, 0% R.E. ¢ 1.96 : 3.9 : 1.9 : 3.1 : t 1) 1,95 s M2 i 21 3 2.2: 205 3 -LT : 1.6
(1.820 :Mr, 808 B.B. : 1.97 M5 : LT : 1.0: $ 012 31,98 A2 s 20t 9 M 3 -9 1 17
iAr, 656 R.E. 3 1.98 : &3 : 1.2 : 1l.1: t 8 1198 4,3 : 2.8 ¢ L1 : +6 1 T
:Afr, 300 RE. : 198 =240 : 0 : O &, t 9 198 MO 3 0 0 ...t o9 1 L3
tAlr, dry $119 :50 : 0 : 0 ., T W7 198 1 K2 1 0 5 0 iiiieeens <6t W6
: : B : H 3 3 3 : 3 t : 3 s
30: teated by imseraion in weter for 7 deys.

include the weight of part, though
probably not all, of the oxygen taken
from the air, To measure the hygro-
scopicity of paint films precisely, espe-
cially when the absorption is small, it
would be necessary to exclude oxygen
entirely and to expose the films during
the test period to an inert gas humidi-
fied to desired extent. For present
purposes, however, it is considered suf-
ficient to establish merely the order of
magnitude of the effects,

It is probable then that the films
absorbed somewhat more moisture than
appears in the tables, especially at the
lower refative humidities. Where the
absorption and swelling are recorded
as zero at or above 30 percent relative
humidity, there may in fact have been
a slight absorption, not greater than the
loss in weight during the test period.
It should be noted that the absorption
and swelling were recorded as zero
whenever the measurements after 3 or
7 days” exposure failed to exceed the
initial measurements. Usually if no gain
in weight, volume, or area was regis-
tered during the period of exposure,

2

there was 2 slight loss which is included
in the recotds of loss in weight and the
changes in volume and area after
redrying.

Comparison of the 7-day with the
3-day periods of test shows that signifi-
cant absorption of moisture was nearly
always complete within 3 days, but that
loss of volatile substances usually con-
tinued up to the seventh day. (In fact,
films of paint L, p/nv 0.30, and paint
TZ,,, p/nv 0.30, kept on a2 desk t::fa
in a laboratory in only moderate il-
lumination about 10 feet from a win-
iiow with northern e i.ue,fwere still
osing weight progressively after a
and ga haﬁlr) PBe%ter &i!nates ofytch“c
absorption of moisture and swelling
with less distortion by foss of volatile
substances were obtained in the 3.day
than in the 7-da :ve;tuiperiod. Perhaps a
1-day test peri d have been still
better and might have indicated a small

sitive absorption at some of the
igher humidities in which zero ab-
sorption was recorded after 3 days.

Bound Films: The absorption of
moisture in 3 days (table 1) exceeded

~ linseed oil

the loss of volatile products at 65 per-
cent and higher re&tive humidity for
raw linsced oil and all paints except
white lead paint. For white lead paint.
there was measurable absorption only
at 97 percent relative humidity, White
lead paint was also lowest in a j
when soaked in water. Above 65 per-
cent, the absorption increased at each
higher step in relative humidity, with
the largest increase ocourring between
90 and 97 percent, although the in-
crease was by no means so large as that
on going from 97 percent relative hu-
midity to soaking in water. None of
the paints showed measurable absorp-
tion 1n 30 percent relative humidity, and
of course there was none in dry air.
White leab%tgaint absotbed less than
in 97 percent relative
humidity and in watér. Titanium di-
oxide paint absorbed a little more water
but a Jittle less moistute in 97 percent
relative humidity than linseed oil did.
Magnesium silicate paint had signifi-
cantly et absorption than linseed
oil n water and in 97 percent
relative humidity, and zinc oxide:paint

GLD37996




Toble 2.—DATA FOR EREE FILMS OF LINSEED OIL AND OF FOUR PAINTS TESTED BY IMMERSION IN WATER AND BY EXPOSURE TO AR
OF DIFFERENT RELATIVE HUMIDITIES FOR 3 DAYS—ABSORPTION OF WATER OR MOISTURE, SWELLING IN VOLUME,
AREA, AND THICKNESS, SWELLING EFFICIENCY, CHANGES IN YOLUME, AREA, AND THICK.
NESS ON REDRYING, AND LOSS IN WEIGHT DURING TESY

H 0 3 ’
Paint or clear :Whether teated:Before testing:Absorp-:

[ T )
1fwelle 1 Nedried changs

Swelling 1208 in
vehicle (density :in veter Or ini=ececeersess=ni tion : ing ¢ - sveight
of monvolatile : air of the :Density:Film : A/N, : In :Inarea: In teffi- : In 3Insresi In
vhile liquid) :  relative tthick-: svolume: £Q, :thick-:cienty 1volume: 4Q, sthick-: test
thumidity (R, = : Dess 2 18V 2 nass 1AV Vo /AL AV, t 3 pess 18,1V,
$H,) indicated : 1% 3 : : tA% 3 3 : 14T
: (test period : 3 3 3 H [ H 3 T 3 H
H days) : : 3 H H 3 H ] t t 1
------- : tee 3 s : teemcanay : s ¢ : !
: B : Mils :Percent: Pere :Percent: Per- :Parcent: Pere :Pertent: Per- :Percent
: : : B : cent 3 camt t 1 cent 3 s cent 3
: : FE | : : 3 : : 3 t 3
Rav linseed oil iWster 1111 :3.1 :24.8 :2.0; 98 3108: 101 ;5 6,01 -89 ¢t -13: 58
(0.933) M, TS RE. $ 212 : 26 2 5.6 1 7.9: 3.5 : 23 IN 2 «3.0 3eseiiiatrcacast 3.3
tAir, R.E 21,1 : 3.1 @2 3.1 ¢ MO: 1.9 3 1.9: 129 : «2.9 3 =T :e),9: 25
sAdr, BOS R.E. $1.23 :3.h 3 2.3 : 25: 25 2 0 : 109 =213 27 3 +631 2.7
Air, 65% R.H. : 2,12 : 3.3 3 M7 : B tiiieeees 3022 202 2 #308 SeenciceBecsenst Mo
:Air, 0% R.H, : 1,12 :3.0 : © 1 0 : 0 2 0 teesevest *2.3 3 28 ¢ «7: 1.
Wir, dry 123 233 : 0t 0 3 0 3 0 faeeerssr-l3: -9 3 =6: 12
: : : 1 3 : : t [ ] : t
Magnesium silicate:Water : 1,68 : 2.9 :5.,2 :5613:1359 :3.5: 100 t«3.8:422 361: MS
p/av 0.30 Mir, T RE 2 2.63 : b5 @ 9. :20.2: 3.8 : 6,2: 0B ;5 <243 =3 3 22: 23
{1.515) :Alr, 90$ R.H. : 2,66 : M3 : 28 : 3.2: 1.3 : B1: t =203 =3 32.3: 21
:Air, 80% R.B, : 2.6k : k6 : 1.9 : 22: 21 : Ll t «20 3 <A1 3 «%1: 23
Alr, 65$ RH. : 1,63 : k) : O : 0 31,9 : t 2 t =6 e 5: 21
Alr, 306 R,H. : 1.65 : &5 : 0 ¢ 0 : O 3 s t =8 21 1M
Mtr, Ary $1,65 :h2 : 0 ¢ 0O : O 2 : T %5 12.0: 2.0
: : : s B : H s s 3 H
Basic carbonate, :Water : 29 :28 :10,0 ;: 9.2: b7 : 3 : =2 3363 6.1
vhite lesd, Air, 9T$R,B, 2 290 :3.7 : ©6 : 0 : O : O t =8 1-1: 2,2
L, p/nv 0.30 Afr, 9O$RE : 292 :37T :1 0 ;3 0 : 0 :0 : =9 1 =5: 1,8
{2.705; tAdr, B0$ R.H, : 292 : 3.4 : 0 : 0 : 0 : 0O t -8 :2.2: 2.3
Adr, 654 R.E, : 292 :3.6 : O : 0 3 0 : O .seesez =kl : w7 1 =5: 1.k
Mir, 30 RE, ¢ 29% :3.8 1 0 : 0 : O 3 0 :ieseeser =h: b 0 1 6
:Atr, dry 2293 136 : 0 : 0 : O 0 ieiesnses =T: =5 ¢ =3: 9
: : s : : t ] : : : ' :
Zinc oxtide, Z,  :Water 1246 125 1967 ¢+ 96.5¢85.9 :16.8: 100 3 -3.5 :42h.6 1228 : 6.3
p/nv 0.30 tAir, 976 R.E. 3 2.85 2 3.6 1358 :19.7: 9.2 3 9.4 : 1285 ¢ «5:4dd :<2B: .6
(2.345) :Air, QO$ R.E, : 2,85 : 3.k & 3.5 @ 26: 9 3 383 1T3 2 T3 0 3 =73, .5
sAtr, BOS R.H, : 2.86 :3.3 : 3.1 : 1.8: 1.0 : 9: 16 : 51 4+ :-23: 17
Ay, 656 RE, : 2,06 :3.3 : L. : 1A Q) o: W33 300 @ -7 el 3 51 1.2
sAir, 30$ R.B. : 2,07 233 : © : 0 1 O I 0 fecrsens: w7t =3 t «86: %
:Asr, Ary : 24 :34 : 0 : 0 : O $ 0 feiieanat =61 =) 7 «53 L6
: : : s : : : s 3 : : :
Titanium dioxide, :Water $ 202 : 27 :85.6 £ 25.3:23.5 : 693 99 3 -1 3400 : AT 5.2
anatase type, Afr, ST R.E. 2 2.97 :3.8 : 3.3 : b1 : 23 : 2.9: 1 :-2.8: -8 :-21: 15
Typor P/0V 0.30 :Air, 90 R.E. : 2.97 :3.6 : 1B : 3.0: L3 : LT3 167 3 -1.9: <23 : =61 Lk
(1.820) :Air, 80¢ R, B, : 3.98 :3,7 : © 1 0 : 0O : 0 ¢ t»2.5% ~8 1 1.6: 2.4
sAir, 65 R,B, : 1,98 :3.9 : © : 0 : 0 : 0 2 1 #1935 : ~31: 1.7
:Air, 30$ R.E. :1.99 : 3.8 : 0 : 0 : 0 : O 1.8: -5 :-2.3: 14
:Air, ary 13,9 :3.9 ¢+ O 1 0 : O 1 0 3 wet *29 3 <6 3 <23 LW
3 3 H 1 H H : $ ] H 3 b3

had the highest absorptions under both
conditions, Zinc oxide paint took up
almost as much moisture from 97 per-
cent relative humidity as linseed oil
gained when soaked in water; but at 90
percent and lower relative humidities
the absorption by zinc oxide paint was
not significantly greater than that of
the other paints.

At 90 and 97 percent relative hu-
midities the volumetric swelling of all
paints exceeded their absorption of
moisture. The swelling efficiency ranged
from 106 to 163 percent. To be sure,
the largest efficiencies occurred where
absorption and swelling were not very
great and experimental error was there-
fore relatively large, but the tendency
for the efficiency to exceed 100 percent
was consistent. When the films were
soaked in water, the swelling efficiency
likewise usually exceeded 100 percent,
but by a margin small enough to be
attributed (2) to experimental ersor due
to slight loss of water during the time
required to blot up the water clingigg

to the surfaces of the wet films and
weigh them, There were no such losses
in 90 and 97 percent relative humidi-
ties because the weighings were made
while the films were still in the hu-
midity rooms. After the 7-day test pe-
riod the swelling efficiencies dropped
nearly to or even slightly below 100 per-
cent for bound films, but for the free
films in table 3 the efficiencies remained
above 100 percent. For bound films at
80 percent relative humidity or less,
the swelling efficiency was always less,
usually far less, than 100 percent; but
for free films eeétz.blcs 2 and 3) the
efficiencies exceeded 100 percent, some-
times by a wide margin, even at rela-
tive humidity as low as 65 percent.
More study is needed to explain the
large swelling efficiencies. Perhaps the
marked shrinkage in volume that occurs
during the conversion of the liquid
coating to a hardened film, which is
disclosed by a large increase in density,
puts the hardcncf film in compression.
At this stage the linoxyn vehicle con-

sists of a cross-linked network of a
“solid phase” that encloses and possibly
compresses a facge proportion of “liquid
phase” (4). When the film is then
moved to a moist atmosphere, the mois-
ture absorbed plasticizes the rigid solid
phase sufficiently for it to yield under
the pressure of the liquid phase. Thus,
there may be a springback of volume
added to the volums of the absorbed
water itself. Plasticization by absorbed
moistute markedly affects the mechani-
cal properties of paint films (3).

When redried over calcium chloride
after testing in damp air, most bound
films shrank to a volume smaller than
that when the test began, Such shrink-
a;ge was inverscly related to the extent
of swelling; that is, films tested in 97
percent relative humidity swelled more
and then shrank more afterward than
films tested in 90 percent relative hu-
midity, and those tested in 90 percent
swelled and shrank more than those
tested in 80 percent relative humidity.
The shrinkage below the initial volume

3
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Toble 3.—DATA FOR FREE FILMS OF LINSEED OIL AND OF FOUR PAINTS TESTED BY EXPOSURE TO AIR OF DIFFERENT RELATIVE HUMIDITIES
FOR 7 DAYS—ABSORPTION OF MOISTURE, SWELLING IN VOLUME, AREA, AND THICKNESS, SWELLING EFFICIENCY,
CHANGES IN VOIUME, AREA, AND THICKNESS ON REDRYING, AND LOSS IN WEIGHT DURING TESY

3 3 3 t ? 1 T
Paint or clesr :Whether tested:Before testing:Absorp-: Swelling :Bwell~ : Redried change sLoss in
vehicle (density :in water or inieecemcscdcuacee: tion 3 t ing tveight
of nonvolatile : air of the :Density:Film 3 Ah’o t In :Inaresr In :effi- : In :inares: In :during
vhile 1tquid) : relative :thicks: svolume: AQe :thickeiciency :volume: AQ. :thick=: test
shumtdity (R, ¢ t ness : 14V, s ness 1V Vo/A: AV, 3 s ness 18o/¥,
4,) indlcated s O T : s taT, s H A%,
: (test periocd : .2 s I 1 3 H t $ ] ]
s Tdays) = B z H : 3 3 3 t 1 t
: : :Mily :Percent: Per- :Percent: Per- :Pepcent: L‘&E tParcents.Per= sPercent
s : : N s cent 1 s cent 1 s cent 1 s cent 3
: : : * : : ] : 3 $ t :
Raw linseed ofl :Alr, GTE RE 3 212 227 2 O 3 O Zeseesest O . Zeesssent =M 1 =26 3 hb 3 2.9
{0.933) Mr, OS RE. 11,12 : 27 ¢t 0 3 0 3 0.9 3 2,6 teensecet =28 20000001 3.0 A2
Ay, BOSRE, 2102 :3.0 $ O 1t O 3 0 1 O fieeeeeed =38 $ 3.0 1303 3,6
:Atr, 654 KB, z 113 :3.0 : 28 : 3.4: O T Tt 182 1261 20 32,73 2.4
MY, 0P RE, 3 1A 328 3 0 3 O 3 O fesecesleanecaed =3,63 2,3 1 -3.4: 2.8
:Alr, dry P P I T ITTT TR TTTTTYE ITTTITTY ITOUORS PR ppIps FAPTITS PRTTTTIS TRTRYTS PYSupeN
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was due partly, perhaps entirely, to loss
of volatile substances during testing and
redrying. But ail bound films tested for
3 days in 65 percent relative humidity
and the films of white Jead paint and
of zinc oxide paint tested for 3 days in
80 percent relative humidity remained
slightly swollen after redrying over
aalcium chloride. Perhaps the degree of
plasticization at these moderate relative
humidities was insufficient to permit full
shrinkagé on redrying when all change
in volume was confined to one dimen-
sion, thickness. The corresponding free
films (tables 2 and 3), which could
change in 3 dimensions, did shrink on
redrying to less than the volume before
testing. All films tested in 30 percent
relative humidity or kept continuously
in dry air, none of which experienced
any swelling, came to a final volume
smaller than their initial volume because
of their loss of volatile substances.
Losses in weight during testing and
redrying were greater when tests were
made in 80 percent or higher relative
humidity than when the tests wers made
in lower humidity. Apparently disru
tive oxidation with formation of vola-
tile substances goes on more rapidly in

4

* any of the losses in ait,

moist than in dry air, When films were
soaked in water, however, the losses in
weight were signiﬁant{% greater than

ater evidently
extracts substances of low volatility that
ate probably present in the films before
immersion in the water and that an be
recovered by evaporation of the soak-
ing water and drying the residue
at 105° C.

Free Films: Although all of the
free films absotbed mote water than
bound films when sozked in water, the
absorption of moisture from damp air
was not much greater, and usually was
somewhat less, than that of correspond-
ing bound films, Failure to find larger
absorption by free than by bound films
in ait may be duc in part to the rela-
tively small absorption from air, which
makes the difference between free and
bound films still smaller. But in large
Ee.rt, the failure may be attributed to

rger loss of volatile substances by the

- free films, both faces of which were

exposed to oxidation, whereas only one
face of the bound films was similarly

exposed
Abso:

that by

¢ ion by free films paralleled
&t’:md [ms in that, except for

anomalies with linseed oil and zinc
oxide paint in 65 percent relative hu-
midity, it was greater in 97 than in 90
percent and greater in 90 than in 80
percent relative humidity, and was less
than the loss of volatile substances in
30 percent selative humidity and in dry
air, Purther, white lead paint absorbed
fess water than any other; in fact, none
at all from air. Titanium dioxide paint
absorbed less from air but a little moce
from water than linseed oil did; and
magnesium silicate paint and zinc oxide

int absorbed more than linseed oil

id, with the zinc oxide paint absorbing
most of all. .

With free films the volumetric swel-
ling exceeded the absorption of mois-
ture not only at 90 and 97 percent rela-
tive humidity but at 65 and 80 percent,
provided that there was measurable ab-

ion. If the excess. swelling above
the volume of ;noxsture absorf is due
to springback from release of compres-
sionp:nq;sired during the original hard-
ening of the coatings, it is perhaps not

rising for it to be more marked fo!
free than for bound films, )

Part of the volumetric swelling of
free films exptessed itself in swelling
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in area and the balance in swelling in
thickness. Although a real swelling
usually increased with any marked in-
crease in volumetric swelling, there were
no fixed relations between them even
for one kind of paint in different con-
ditions of humidity.

On redrying after testing, all free
films shrank to less than the volume
before test. Usually they shrank also in
area and thickness to less than the ini-
tia] dimensions before test. However,
zinc oxide paint in water and in 97
percent relative humidity and in 80 per-
cent relative humidity for the 3-day
period remained greater in area after
redrying than it was initially, as did also
the titanium dioxide paint and the mag-
nssium silicate paint when soaked in
water and red:ieg. '

Conclusions

Both free and bound films of lin-
seed oil and of oil paints pigmented
with magnesium silicate, white lead,
zinc oxide, and titanium dioxide, respec-
tively, absorbed moisture and swelled
measurably when hung in damp air for
3 days, but the absorption and swelling
were much less than when the films
wete soaked in distilled water. From
damp air, the higher the relative hu-
midity, the greater were the absorption
and swelling; but at 30 percent rela-

tive humidity or lower, and at even
higher relative humidity for the least
absorptive paints, any absorption that
may have occurred was overbalanced by
loss in weight from evolution of vola-
tile oxidation products. Pure white lead
paint was less absorptive than any of
the others, Titanium dioxide paint ab-
sorbed a little less from air but a little

more from water than linseed oil did.

Magnesium silicate Cgaint and zinc oxide
paint absorbed much more than linseed
oi! did, with 2inc oxide paint absotb-
ing most. Volumetric swelling often ex-

‘ceedad the volume of moisture absorbed.

This may indicate a springback in vol-
ume from selease of compression in &
“liquid phase” of linoxyn acquired
during the original hardening of the
paint, brought about when the rigid
"solid phase” is plasticized by sbsorbed
moisture. Although free films absorbed
and swelled more than bound films
when soaked in water, when hung in
damp air the free films absorbed Jittle
more, and usually less, than bound
films, The free with 2 faces ex-
posed to the air Jost more volatile sub-
stances than the bound films, only 1 face
of which was to air. When re-
dried after testing, free films always
shrank to less than their volume before
test. Bound films shrank to less than
the initial volume after test at high

relative humidity, and also at low rela-
tive humidity where foss of volatile pre-
dominated over al tion; but after
testing at intermediate relative humidi-
ties, bound films failed to shrink back as
far as their initial volume. This may be
f\;nl};ear evidence of a rigi;i "“solid phase”
of linoxyn ﬁrevcnting tee movement

when iently plasticized by ab-
sorbed moisture,
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