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INTRODUCTION

At the vpresent time, the use of paper products in packaging
is inoreasing rapidly, not only as a substitute for metal or glass but
also in new fields. Although this increass has been brought about, in
part, by pressure resulting from the shortage of more criticel materials,
it 1s indicative of an awareness of the lmnate advantages of paver, such
as cheapness, low weight, convenience, and ease of disposal—a trend
already evident before the war in the substitution of paper for glass in

the nilk 1nductgy.

Yor many packaging uses wvhere liouids are to be retained, gain
or loss of moisture reduced, or access of alr prevented, the inherently
porous and permeable nature of paper is e disedvantage which must be
offuet by some method of proofing--i.e., the paper must be rendered more

resistant to penetration by liquids or vepors.

There are four aporoaches ia the proofing of paper. The first
comprises the treatment of the pulp before the sheet is formed., Addition
of resin emulsions and prolonged beating are examples. The second in~-
volves the treatment of the paner or finished product; an example is
the production of varchment peoer by an acid treatment. A third method
is that of impregnation of the sheet with materials whioh will impart
the desired propertises; fully waxed paver is an example of such a product.
The fourth method consists in coating the sheet to broduce a surface
film having the desired characteristics; surface-vaxed or resin-coated

paners fall into this class,
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0f the four procedures, coating offers advantages in economy
of materisl and assurance of imperviousness. The continuous apnlice-
tion of coating materials to paper in sheet form, as by roll coating,
is an accomplished faot 1n'the industry. However, the prodblem of coating
finished containers has not been satisfactorily solved. For example,
dipping or immersion technigques lead to thick films in the case of viscous
materisls; on the other hand, thin coating materials soak into the

jolsael ) oY

The object of the present wofk has been the study of the
mechanism of thin film formation on pajer, using a method of application
suitable for the coating of ZTinished containers. Spraying was chosen
as such a method. thhougﬁ the work was carried out on flat paoer
samples, 1t is felt that, vy the use of extension noszles and oth-ar
esquipment already in existence, a similar technique might be developed
for finished paper containers and that the same variables and mechanism

will prevail.

The field was further narrowed by the choice of nitrocellulose
lecquers as the coating materiasl. Such lacquers are typical of nom-
aqueous coatings and have been widely used. By sultable changes 1n
their formulations=—e.g., the addition of waxes or resins and change
of plasticiser—the final film properties may de varied to sult many

requirements.
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HISTORICAL SURVEY

{eferences to liter:ture on the vnroductisn and pronerties
of resistent or irvervius aeners hnve hesn comniled in »n snnotated
bibliogra hy by Vest (1). A general discussion of tine firld iz siven
by Bauer (2). Most of the literzture on the nroofing of naner derls
with the Qatarials used, methods of snalication, testing, and nronertles
of the fin.l nroduct. XNo comorehensive study of the verirbles nnd
reci:enian of coating is known. However, verious ohrees of the nraoblem
have been investigated, although not always with the conting of wsner

in mind,

The norous structure of neper and its menetrntion b linulds
have been described. The most illustrative descri~tion, *The nores in
the sheet through which liculds move are, in generzl, not even »wroxi-
r=tely tubulsar in nsture but are more of the nsture of the interstices
of & comnressed hruch lieay," apnreare in an ertlicle hy The Institute of

Paner Chemistry (3).

Theor-tical considerations of the flow of fluids in c=nilleries
and rdatetisng of such ecuations to nenetration snd morosity studies
of sner sre treated in the sace artiale., Perhans the most uerful er-
“ression in nredicting the effects of vzri-sus vari-bles on nenetration
resulting from capillary action is Xguation (1)

IR = (T cos @ Rt)/(2 12K (1)

in which L is the depth of penetration, 2 is rporoximetely ecuanl to 2,

T is the surfsce tension of the fluid, « is its contact sngzle on the
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fivers of the sheet, R (the effective capillary radius) is a measure
of the porosity of the sheet, t is the time of penetration, snd 7 is

the viscosity of the fluid,

The importance of high laccuer viscositles inr coating porous
papers is stressed by Hollabaugh (i), He found a straight line re-
lationship between a porosity factor (porosity x thickness in inches
x 1000) and the minimum viscosity of the lacquar phase resuired for
negligible penetration of the porous surface in coating with amulaified

lacquers.

Bowlby (5) mentioned the better nerformance with high

viscosities in roll comting.

Doolittle (6), in dimcussing comting with vinylite and e flash
beking technique, pointed out the advantage of e short drring time in
preventing penetrstion. However, he attributed the greatest cause of

fellure of thin films to the wicking sction of wild fibers.

Stewart and Hook (J) concluded that high surface tension is
responsible for the thimning out or drawing away of laccuer films at
sharp edges. Although their observations were wade on metal plates
end wooden blocks, the seme effect zay be expected for wild or pro-

Jecting fibers,

A general treatment of lacquers, thelr formulation, properties,
and vagaries have been discussed in a numder of publications. One which
has been most helpful is the first volume of the treatise edited by

Mattiello (8), particularly the chapter by Bogin on lacouer solvents.
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AP ROACH, APPARATUS, AND KETHODRS

With the objective of gaining sreater insizht into the
nechanism of film formation in the nrotective coating of paner and paper~
hoerd, the following snprorch was used: Spraying was adopted as the
coating technioue bacause this nrocess ig sultable for the coating of
formed containers, The field of investigation was restricted further
b7 ths selection of nitrocellulose a2z the film-forming constituent of
the snraying lacquers. The study was then resolved into the followiag
divisions: first, the standardization, in so far as possible, of the
conditions of spraying; second, the variation of the properties of the
nitrocallulose lacquers associated with changes in formulation; third,
hoth abanlute and relative measursrent of thase properties for compari-
son during ths fomation and drring of the films; fourth, the study of
the spray coating of cellophane, = greateproof oa-rer, sni tiree pajner—
boards of different porosities; and fifth, the measurement of the con-

tinuity of the dry films of varlous weights formed from cach lacguer,
THE SPRAYING TECHRIUE

The naner =nd baard scrmnles vware mounted on a revolving drum
and soreyed with s commercizl soray ;un mounted in a fixed nosition,

The spperatus in fte finsl form ia shown in Fizure 1.

A DeVilbiss type MBC spray gum, supnlied with cap 30 and
nozrle X, wes used. The gun was mounted at a distance of 10 inches from
the ~erishery of the drum with the sphray f»n in a plane with the drum

axis. The qun was adjusted for a fan width of 10 and the fluid contrel
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valve onened 4 revolutions (completely onen), ihe fluid cup was filled

before each spraying.

Compresead nitrogen wea used in sorasying to elinminste the
poeaibility of water dronlete in the spreyings air, az might be the case
vers a compressor emloyed. ‘The nitrogen tank was connected through a
reduction valve 2nd 20 feet of tubing to the gun, Before each snraying,
the reduction valve gage was adjusted to reed 30 nounds per scuare inch
when the trigger of the gun was depressed. All sorayings excent one

were nade in a ssray-hood with the exhsust frn in onerstion,

The drum was made by cutting down s H5-gnllon can snd soldering
the 11d in the onen end. It was driven throuzh g »Hair of stern nulleys
by a Precision Scientifie Comvany viriable-snead motor af the Fixnnster
tyre. The maximuz time of rotetion was 41, and the minimum wrs 2.3
seconds per revolution, corresmonding %o merinheral sheeds of 0.072
and 1,28 feet -er sacond (2.95 feet ner revolution). The mpaed wrs
determined by measuring the tine [lor one or nmore revolutions with o ston
weteh, A specisl fitting was nmade to renl:ce the usuzl chuck sunnlied

with the motor, to adant 1t for belt drive.

The sonecinens were mounted on the drum b, means »f rmiddber
bands and wooden crosspleces, 28 indicated on the lower nortion of the
druxi in flgure 1. In sone sorayings, a strins of naner covered one side

of the specimens so that 2 portion was not costed.

After sorsying, the drum was sllowed to rotste until the filnms
were dry to the touch, 'lhe smecimens were then remaved snd hung in zn-

other room for at leset 2 days before testing,
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4n plates, used for film-weight determinations, were fastened
on the drum under a mask. It had an opening 5 om. wide and 10 cm. long.
A film-weight plate appears at the top of the drum in Figure 1. The
plates were dried at 50° C. to constant welght to give an average dry

weight for each spraying.

Different film weights were obtained dy using different drum
speeds. Only one coat was apolied in the regulsr sorayings to obviate

the further variables introduced by a-plying multiple coats.

Some varisbles of enrsying were not completely controlled,
such as those arising from the 1acquors themselves., The relatively
suell differences resulting from longer soraying time and slower rotation
of the drum in producing heavy coats, as compared with the shorter time
and more ranid rotation for lighter films, could not be avoided. The
humidity and, to a certain extent, the temperature of the alr in the

soray booth were some of thas other variables.
LACQUERS

In preliminary experiments, # commercial lacguer--Roger's
brushing lacquer for linoleum--was diluted to soraying viscosity with
a 50:50 mixture of toluene and ethyl acetats and colored with Victorias
green. It is designated as Lacquer R. Six other lacquers were prepared,
the first of which was still preliminary in nature. The formulations

are given in Tadles I, II, and III,
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TABLE I
FORMULA FOR LACQUER R

Roger's lacquer 200 ml,

Zihyl acetate 4.5 ml.

Toluene | 24.5 ml,

Yiatoria green 0.04 g.
TABLE 11

FORMULA FOR LACQUER 1

Nitrocellulose (16 sec.) 28 g.
Alcohol in nitrocellulose 13.5 g.
Didutyl phthalate 12 g.
Suden IXI 0.08 g.
Poluene 450 ml.
Butyl acetate 225 ml,
Bthyl acetste 22b ml,
TABLE IIX

FORMULAS TOR LACQUERS 2 70 6

Lacouer 2
Hitrocellulose 28 g.
Type 162 sesc.
Dibutyl phthalate 12 g.
Sudan IIX 0.08 g.
Solvent 1490 =1,
Lacquer 3
- Nitrocellulose 35 &.
Type 16 sec.
Didutyl phthalsate 15 g.
Sudan III 0.10 &.
Solvent . 1128 »l,
Lagquer 4
¥itrocellulose 49 g.
Typ. 5“6 860,
Dibutyl phthalate 2 g
Sudan 11X 0.1k g.

Solvent 1250 ml,
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TABLE III (Continued)
FORMULAS POR LACQUERI 2 70 6

Lacouer 5
¥itrocellulose 17 &
Type 0.5 ses.
Ditutyl phthalate 33 &.
Sudan IIX 0.22 g.
Solvent 877 ml.
Lacquer 6
Hitrocellulose gh z.
ne. 0025 secC.
Dibutyl phthalate 36 g
Solvent 701 ml,

The solvent mixture used for Lacquers 2 to 6 was the same.

Its composition is gziven in Toble IV,

TABLE IV
SOLTERT COMPOSITION FOR LACJUEHES 2 10 6

Solvent or Diluent Percentage b7 Yolume
Toluene 50
Butyl acetate 20
Ethyl acetate 10
Butyl alcohol 10
¥thyl slcohol 10

Dyas vere added to make the thin sprayed films visidle.
Yictoris green had a higher tinctorial strength than Sudan III, but
was not soluble in the vehicle used for Lasquer 1. The choice of dye
vas made from observations of the solubility in benzene, alcolo}l, and
acetone and of the relative tinctorial strength in _solution and on paper
of the following dyves: DuPont Nigrosine SSB powder, DuPont 04l Dlack

BG, DuPont Victoria green, DuPont Methylene bdlue, DuFfont 01l drowa K,

DuPont Safranine T extra, end Sudsn III.



In en effort to utilize the high tinctorial strength of the
basic dyes, attempts were made to prepare the oil-soluble bases of
Victoria sreen, Methylene blue, and Safranine. Water solutions were
treated wih emmonium or sodium hydroxide, end extracted with ether or
benzens. The bases~~yellaw, purple, and red, respectively-—vere of low
tinctorial strength and, exce;t for Victoria green, were difficult to
prepars. Solutions of the bases poured onto paper returned to thes color

of the sal® upom drying and exposurs to the zir.

Yormation of lekes of the three basic dyes with Pontacyl Fast
red AS gave acetone-soluble, water- and oil-insoludle dyestuffs of

mediur tinstorial strength.

The nitrocslluloss samples used in nreparing Lacquers 1 to 6
ware furnished by the Hercules Powder Company. The -ercentages of
glcohol with which the samples were shinped were anproximately determined
by drying a portion of each in 2 weighing bottle at 50° C. Such a value
was used for calcoulation of the weizhts of nitrocellnlose and alcohol
enployed in formulating Lacquer 1. However, because of nossible non-
uniformity in the samwples snd evanoratlon losses during weighiag, this
mothod of formulstion was not considered to be sufficiently accurate.
The nitrocelluloses for Laccuers 2 to 6 wers dried at 50° C. until there
was no odor of alconol. They were then weighed for the lacquer formu-

lation.

in prenaring the lacouers, the nitrocellulose, didutyl phthal-~
ate, and Sudan III were weighed out and placed in 2-ouart Mazson Jars.

A portion of the vehicle was added, end the jars were sesled and then
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shuken. In a like manner, more solvent was sdded until the solutions
approcched the snraying viscosity of 40 centinoises, which was chomen
for #11 the lacquers. This value is in the range of viscosity usually
eroloyed for soraying. The finsl viscosity wrs anmronched by succespive-
ly smaller additions of solvent, end wag not reached until the laecuers
had been sllowed to stand overnight to effect good disnersion. Proper
dilutfon to the reouired viscosity was simnlified by reference to =

plot of logerit'wn >f viscosity versus concentration, At low viscneitiesn,
the curves wers found to be nerrly strai; "¢ lines snd to apnrosch a

comion origin #t zeco concentrstion,

The lacauers were stored in the jars. No aovnrecleble changes

were observed during the storage tine.
SEASUARS L T LAGTUYH PROPERTING

Unless otherwise noted, all the nessurements of the nhysical
wroterties of the lacquers were mede st 25° C. A large battery jar,
filled with water and ecuinped with a motor-driven stirrer and bayonet
ir.ersion heater, was used as a constant temmerature brth for the reasure-
ment of viscosity, snscific gravity, znd interfacisl tension. The
termerature was hald within + 0.1% C. and was checked before and during

the conrae nf sach neasurenent.

‘he concentrztion (nhercentrge of nonvolsatile raterisl) of the

lacoiers was determined by pivetting samles intn welghing bottles and
drying st 50° C. to comstart weight. The nonvolstile nortion is con-

gidered ts be thie nitrocellulore, the didutyl -hthrlate, the small
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poount of dvestuff, snd the tenaciously held solvent (and resias in

the case of the cormercial lacquer).

Specific gravities were determined by the use of a 10-ml,
pycnomster bottle calibrated with boiled distilled weter. They are re-
ferred to water st 25° C. snd are uncorrected for d1fferential air

buoyancy.

Yigcosities were determined in e simple eccentric falling dall
viscosimeter of the Hospuler type (3), illustrated on the right in
Tizure 2. It consists of Pyrex tubing, mpproximately 6 ml. in vore,
dravn out at the lower end., The outside of the tube besrs etched marks
at intervals of 2, 1, 3, 5, 5, and 5 om., starting at m point 5 ca. from
the top. A rubber policsmen closes the lower end gnd & glams plug
closes the top, thus reducin- eveporotion losses. A stand and sneclal
clemp held the tube at a constant sngle of sbout 10 degrees from the
vertical. iine steel bearing bells, of 7/32~, 6/32-, and 5/32-inch

nominel digmeters, wvers usel.

The operztion of the viscnsimeter is based on the empirical
prineiple that, in the regiom of viscous flow, the rate of fril for any
given ball and tude dimmetsr is »roportional to the &ifV-rence in density
between the dall and the fluid and inversely propertional to the vis-
cosity of the fluid. For a uniform tube, after reaching an equilibrium
rate, the time of ﬁll over s ;iven distance is then proportionsl to
the ruatient of the vimcosity and the density difference. 7This is ox~
pressed in Equatioa (2).

£ = kp/(Fy = A1), (2)



FIGURE 2

EVAPORATION, INTERFACIAL SURFACE TENSION, AND VISCOSITY APPARATUS

T~
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wvhere $ is the time of fall, k is a constant, 71is the viscosity of the

fluid, /y is the density of the ball, end P1 is the density of the 1iguid.

Equation (2) may be rewritten to express the viscosity as a
funstion of the density d4ffarence and 7£hc time of fall:

7=k (Py = 1% 3)
vhers k,, the ball constant,is 1/k.

Eouation (3) will still hold for a round tube which is not
absolutely uniform in bore provided the change in rate of fall caused
by change in tube dlameter 1s snall enough so that acceleration effects
are neglizidle, Decause the simple theory will still hold for eny
differential length. At small rates of fall, changes in rate must be
correspondingly smsll, If the time of fall over overy differential
lenzth remains vroportionsl to viscosity and inversely proportional to
the density differense (each of which is constant), the total time over
the total distance must also be proportionsl to their quotient; E‘b

then becomas an aversze valua.

Much ile same reasoning may be used for a tube which is not
round; in any svent, for small deviations the effect should be of the

second order.

Becauss the tube employed was not uniform, different constants
wore determined for the different distances. The shorter intervals at
the top were intended for use with very viscous lacquers. Actuslly,

most of the measurements were made over the first S-cm. interval.
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The ball constants were detersined by standardization with
U.S.P. glycerin using the viscosit: data of Sheely (10), and by com~
parison of one bzll against apother in castor oil and sucrose solu~

tion,

The density of the balls wae calculated from their weights
and the volumes corputed from their nominal sizes. The use of specific
gravity instesd of density of the lacquers in the celoulation of the

density difference does not introduce an aporeciable error.

In use, the viscomster was filled to the top marlk in the same
manner as & pinet, the ends were closed with the rubher policeman and
wlug, &nd the tube was fastened in the holder. The stand was plzced
in a fixed position Leside the coustant temperature bath, vith the tube
immersed to ths clamp. After utleast 15 minutes, the plug was renoved,
a ball wam dropred in the top of the tube, and the tiue of fall between
two marks was measured with s stop watch. The time of fall of two or
more balls was determined. Check values rarely deviated from each

other by more than 1 per cent.

The viscosity apoaratus has the followl. g advantages: It is
easy to fill and clean, a.ndA requires only & small amount of fluid. It
is simple to use, and checks msy be run quickly. 3By employing balls
of d1fferant sizes, ons plece of apparatus suffices for a wide range
of viscosity. The uncertainty in centeriny which would arise for a

coaxiel falling bsll viscometer of similar fluid capacity is absent.

A Cenco-du Nofly interfacial tensiometer was used in surface

tension dsterminations. The instrument was sdjusted for direct reading
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in dynes per om., following the standard nrocedure using 2 srell
weight (11). The corrections of Harkins and Jordan (12) were soplied.
The measurements are considersd to be accurate to within 0.1 dyns per
cn. The lacquer samples were protected somewhat from evaporation by
covering the dish containing them with a metal plate having a small
strip cut out to scoommodate the ring suspension. No special pre-
cautions with respect to temverature were taken other than maintenance
of the room within reasonsble limits. A varistion of seversl degrees

was possible and represents the greatest source of error.

Interfacial tension against water has been suziested and

applied by Gardner (13) 4n the differentiation of oils for varuishes.

It was thought that such a measuresment might be applied to lacquers

and possibly would be indicative of thelr wetting characteristics on
paper. Nurthermore, to reduce the possibility of gelling at the inter-
face, which might occur with water, and in the hope of finding a differ-
ent behavior which would be more like that of cellulose, measurements

of interfacial tension of lacquer against 95 per cent glycerin wvers also
made. ¥or purposes of comparison and better interpretation of results,
a nunber of interfacisl tension determinations were lisewise carried

out with organic liquids egainst glycerin.

One of the most satisfactory methods of measuring interfacial
tensions is the drop-welght determination. A description of surface
tension methods is found ir Adam (14). The ring and capillary methods
both require a knowledze of contact angles at the junction of the inter-

face snd ring or capillery wall, wheresas the drop-weizht met:od requires
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only a knowledge of the densities of the two liguids in addition to the

constants of the apparatus,

Unlike the ring snd drop-weight methods, the capillary nethod
does not require corrections other than for contact angle; however,
1t does suffer the disadvantage that 1t crniaot be used for viscous

meterials,

There are two types of dron-weight apparatus. In one, perhaps
the more common, the number of drops formed from a certain volume or
weight of liguid 1s determined. In the other, the weight or volume of
individusl drops is determined. Consilering the (ime required for the
caraful formstion of the droos (1 to 10 minutes, depending upon how they
are formed) and that necemsar: for the iiterfacs to anoroach eauilibdrium,

the latter msthod is ceriainly the more chivealent.

The theory and use of the drop~weight determination of surface
tension have been sxtensively studied. In the simple theory, the weight
of the drop at the time of fall is equal to the product of the surface
tension of the 1igquid and the circumference of the tube. This is ex-
nressed in Zauation (4):

ng = 27 1Y, - (4)
where m is the mass of the drop, g is the acceleration due to gravity,

r is the radius of the tiy, =nd Y is the surface tension of the lijquid.

Since the drop hangs from the boundary of the wall of the tube
and the bottom (i.e., & sharp edze), contact angle is of no importiance.

Eowever, the surface is not necesszrily vertical zt the line of contact
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with the tube, and a deviation from the simple theory may be introduced.
In 2ddition, a vortion of the drop remsins on the ead of tire tube

gfter the main body has fallen. The simple theory, sxpressed in Xgua~
tion (4), ie a’proached in practice for the csse of a2 largs drop and

small tip .

?rqm Aimensionsl annlysis and experimentel study, Harkins
and Brown (15) have shown thet the shape nf drops at the momeut of
senarction is 2 function only of the dinueter of the tip :nd tbhe volume
of the drons. Adam (15) polnts out that this reasoning 1s valid whether

the drops are formed in glr or in another liquiad.,

The drons free themealves from the %1 by coastricting in
the upoer nortion., &As they fall, the constricte? portion sirings out
and breaks, forming one or mors snmpll drops, Often three sre formed,
the center one beinz somewhet lerger thsn the ether tvo.'and all being
guite smell in comparison with the mein body whi.k has pulled away.
The mechenism of breeking away has been studled by means of high speed

vhotogrsphy. The most recent vork is thet of Hauser, et.al. (17).

In the measuresments on lacquers, the same phenomens could de
gseen in slow motion. In some cases the connecting portion broke into
numerouns verv small droplets. It ig belleved that differences in the
stringing out which may result from viscosity differences do not intro-
duce » large error; however, in the absence of proof it is perhans Dest
to consider the datas, particularly with regard to the lacquers, as rela-

tive and of the right order rather than as absolute.
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Farkins snd Brown (15) have deternined the corrections for
use in dron-weipht teas.recents, using ernillsr; tubes with fl-t ends,
They point out that Rayleigh (18) obtrined ezsentirlly the same results
ueing knifo—eage tubes, but with somewhst lorger ewverimentsl error.
Hence, it wag felt thst their corrections could be ammlied in theee
nessurenents, whnether the dro» hends from the intide edge {ecuiveient
to a knife adge), or tha rutside edge of tie tins (equivslent to = flnt-

ended tis),

The apparetus usaed for the dron-weisht determinstion of inter-
fzeinl tension spnesre in the center of ¥igure 2, Uhe essentisl nerte
asre the microburet snd lauas tins, The use of a hynodermic syringe ~nd
micrometer screw as & microhuret and for dror-welzht (volume) deterrins-

tion it not new (19, 20).

‘'he huret wen crlibrroted by welghing distilled water discharged
535 the micrometer screv wes turned down, Over-sll linerrity wes tested
by noking seversl determinntions along the scele, and the linearity of
the disl wres enecked by oomyrring the volumes of smsll drons »f water,
using a cut-off hymodermic needle a2 & tis, A welue of 2,830 x 107% m,
aer division af the dlal was adonted znd is considered meceurste to
within 0.1 ver cent over tiie first three ouarters of the range, snd
within 0.5 ner cent for the last cuarter. UYhis accuracy is better than

tiie reproducibility of dro» volunme in acturl messurements.’

ihe tins were mede from Jyrex tubing by grinding nne end flat
on 2 glzes nlzte using fine esrborundur, and cementing the other end

with De XKhotinsky cement to Joints cut from iynodernic needles. Iuring



the grinding, the tubes wars inserted in holes in a wooden block to
meintain them in a vertical position and to reduce chinning. After
grinding, the sizes were determined across four diauweters with a measuring

microscons, snd the averszes taktan., The dimensions are given in Table V,

TABLE V

SIZE OF TIPS USED 1IN DROP-WXIGHT DETERyINATICN
OF I{VERFACIAL TE:SICNS

Tio Cutside Radius Inside Radius
cm. cme.
1 0.3188 -
2 0,3030 0.2009
3 0.2144% 0.1146
Y 0.1860 -

In the determination of the interfacial tension of organic
liquids egainst glycerin, equal volumes of the linuid and 95 per cent
glycerin were placed in & tost tube held in a rack 1n the constant tesmdera-
ture bath. The test tube was shaken a% ‘ntervals. After allowing the
Tayers to separate, the microburet was filled from the lower layer. A
faw drops were run out rather rapidly from the tip into the upper 1ayer
to “zet the range,” and then the tiue for the finsl period of formation
for the 4rap was increased. The final volume was reached by turning
the dial one division at a time. When further increase in time of forma-
tion no longer decressed the size of tha drons, an average of the con-
stant values was taken.

W
The densities of the mutguy ssturated glvcerin and organie

licuids . ere determined by the pycnomater method mentioned above, snd

the 4ifference cnlculated.
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A knowledge of the density difference, the drop voiume, and
the radius of the tube vermitted calculation of the interfacial tension
by the equation,

T1g ™ (X Pg-A1) gD, (5)
where -/1‘ is the interfacisl tension, ¥ is the drop volume, 2, and Oy
are the densities of the glycerin and llquid, reapectively, g is the
accelerstion due to gravity (980.5).{5 {g¢ the radius of the tube, and
¥ is tne corractinn factor (o function of the diuensionless quentity,

1[5?) snd includes the 27 found in Tquation (U4).

The same vrocedure was followed in the measursment of the in-
terfacisl tension of the lactuers against glycerin and water, excent
that the two phases were not shaken together, since rather stable emul~-
sions would result and contact with a large volume of water or glycerin
would greatly change the solvent formulatioa of the lacquers, In
calculation, the densities of water, the glycerin, and the lacouers were
used £8 measured serarately. Changes in the volume and density of the
drop as well ss of the surrounding lacqguer, cauved by diffusion, were
sources of error. JNurtheruors, the drops were not es stable as would
be the case if the liguids had been sllowed to come to equilibrium before
the measurements. It was observed that, the higier the viscosity of
the lacquer, the greater was the stability. Because the forces at the
interface decreased with time as a result of diffusion and the density
and volume also chanzed, s compromise was adopted in forming the drops
over s constant neriod of 5 minutes, rather than attempting to wait
for equilibrium, In the case of the more viscous (evaporated) lacquers,

e. longer time was allowed so that e drop could assume its normal shape

and fall, but diffusion effects were also reduced.
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Advancing contact angles vere determined by a drop—orojection

mathod similar to the sugyested TAPPI procedure (21). A microscope
eouinned with a mechanicsl stage was tilted so that the tube was in a
horizontal position, Ehe’qyepiece, mirror, snd back lens of the Abb‘
con’enser were readved. A ressarch microscope illuminator was directed
on the ¢ondanser, snd the field nrojoctsd on s screen. For hest reaults,
it was found desirsble to close the iris of the condenser unti) it degan
to 1imit the field. A strip of one of tha nener or boerd samples was
placed in a horizontsl position on the croasarm of the mechanicel stage,
and s drop of lacquer applied with sn eyedropner, the tij; of wi:ich had
heen drawn out. A dfop 2 ¢t6 T ym, in dismeter was used. The position
of the samplp snd the drop wes adjusted by nmeens of the mechmnuicel stage,
snd the image was Tocused on the screen using the 32-mm. objective. The
angle bhetween the nrojected impze of the board surface and the side of
the 4rop was measured directly with s protractor, one measurement being
made on sach side. A horizontel line was not used as .2 reference since
some of the ssmples——e.g., the cellophane—were often puckered or curved.

At least four velues were determined and averages toxen.

Poraibly the sreatest ¢nurce of error in the measurement of
contact zngles, particularly for laccuers of low viscosity, was the
roughness :né 29sorbency of some of the snsples, As in the surfsce
tension messursments, the temperature was not cowpletely coatrolled,
Yariations ia droo size and unnvoideble differences in the techniocue of
enplication wers also sources of error, Meauur&ments vere nade suffi-
clently qulckly so that it is belleved evaporation losses were not

significant. Becausa the drops had cessed to advance when the messure-
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uents were made, 1t my be said, with the »o<sible excestion of the
most viscous lacquers, thst the nrobsble effect of arrors wzs to gilve

low wrlues,

Avaporation of samrles of the lncquers for the determinntion

of the chenges in their nronerties during drying wese sceomplished in

the aprarstus shown ot the left in Figure 2. The test tubee vere £illed
two~thirds full snd »ir was bubbled through the laccuer to e'fect the
desired reduction of solvent, estinmsted by the chsnge in volwre., A
different s:mile of each lnoguer wns used for eaxch interval., In the
early, less viscous strzes, efilcient stirring was suoplied dy the
current of =ir, The more viscous sammles ere stirred -t intervals snd

allowed to aporoach wnifornity hefore testing.

“he rate of svaporstion of tie isenuers is of imortance not

only from the stsndooint of the time of drying, hut aleo zx 1t affects
the rate of change of the uhysie=l nronerties with incrensing concen-
tration. A eowbinction of drying rote studies and the “aysical messure-
rents on the evraor-ted lascquers nernits an estin-tlon of the chanzes

snd relative rate of change taking wlace in & sprayed film,

Rieger snd Grove (22) discussed the various nethods which have
been used in eveooration rrte atudies. A method similsr to the one
develoned by Aieger snd Orove was emmloyed in this work, Yhere they
used a deflection balance, & Chainomatic analytieal bdelrnce was emloyed.
Instend of const Tilms on lazes slides, the sammles vere slloved to sread
over the bhottom of tin lids, 2 he vier Tilm being resuirsd to comsnsate

for tue reduced sceursey in weighing. Amroxinetaly 0.75 nl. of lacouer
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from mn eyedropper wes allowed to cover the central portion (4.5 em.
in Adlameter, 16 sq. om. in area) and was retained by a circuler ridge
in the 1id. The advantage of this procedure was that s thick region
resulting from surface effects was not present, ss would be the case
were the 1id filled to the edzge. A stop watch was started imredistely
after the film was formed., The 144 was leveled on the bdalance pan.
The door of the balance was closed to a stop 3/8 inch from the bottom
to reduce the effect of stray air currents, and weighings were made at
intervals. The temperatures in the balance case and of the room were
observed throughout the determinstion. The films were finally dried
at 50° C. to constant welght. A knowledge of the weight of the 114

then permitted the cslculation of film weights and concentration.

Pwo determinstions of film weight versus time ~ndi crleulated
values of congentration versus time for Laconer 2 are shown in Fijure 3.
Check velues of the time for ecuivalent concentration change, corrected

for difference in film weight, agreed within 2-4 per cent.

The experimentzl sgreement with the a,nimption that drying
time ({.e., time for the mame change in concentration) is proportional
to the original film weight (_g}_) 1s considered zood enouzh toc justify
correction of evsnoration data for differences in initial film welght.
Results on the evaporstion of Lescquer R on 11ds are given in Table VI.
It should be noted thet the ratios given in the last column of the table

are independent of film weight.

Prelimingry experiments in which the film-weight plates were

removed from the drum immediately after spraying and weighed at intervals
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TABLE VI
DRYING TIMZ AS A TUNCTION OF PILM VEICGHT

Time for
Dry Pilnm Chenge in Change in
Welght Concentration Concentrstion Time for Change
g v 3 min, Dry Plim Weight
0.1000 17.6 to 20 9.5 95
0.1016 17.6 20 8.0 79
0.2089 17.6 20 17.0 8l
041000 17.6 30 61 610
0.1016 17.6 30 6 620
0.2089 17.6 310 12 590
0.1000 20 3o 50.5 505
0.1016 20 30 55 540
0.2089 20 30 107 710

were not nearly as satisfactory nor as reoroducidle as the method

finally adopted.

Por » comparative study of the lzcouers, it was considered
desirable to represent their nroperties as £ function of time after
soraying for idenl films of unit initisl weight (1 mg./sq. cm.). The
resnlts would be expected to repressnt qualitstively the actual changes
with time in the sprayed films, and to permitc estimation of reletive
rates. Such a procédura requires a knowledze of the lecquer concentra=—

tion immedistely sfter soraying.

Two previous studies of volatilaes lost in the soraying opere-
tion have been made by Bogin. In one case, & solvernt nixture was
snurayed on a metr)l shield, which drained into 2 funnel to collect the
unevaporated portion (24); in another, a laocquer spray was direoted

through a glase tube into a receiver (25). Both methods were unsatis—
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factory for this work, because they did not reproduce actual soraying
comditions and had the further disadvantage that relatively large

quantities of lacguer would be required.

It was first hoped to determine the ¢ ncentration after
spraying from evanoration rate meslurepents on the film-welght plates.
By extrapolstion of the curves of concentration versus time to zero
(L.0., to thg time of spraying), the initiel wet film eoncentrstion
would be given. However, in nractice the extranolrted vsluss for
snrayings of different weights 414 not agree, the hervier spreyings
giving effectively a lover concentration——that is, e lower s»reying
loss. It is iaconceivable that the sctugl percentaze loss during
spraying ehould desend upon the welght of the spravings or, if it 414,
that the hesvier sporeying:s should suffer the least loss, since they

racuive & longer time,

Two explanations come to mind, ¢nd both may pley o part. The
initlal evaporation rates nmay be greater than that measured on the
balance, becauss the plates, originslly at room temdersture, sre cooled
by the sensible heat canscity of the cold sprayed droplets and possibly
by the initlial eveporation from the filxm. The second explanation is
that s falrly constant losg in weight, above the rate measured, tekes
vlece immediately after anrayinzg as 2 result of the alr currents of
the hood and during the transfer to the balance. ZIxtrapolation of the
| curvas berond the spreying tine to a point of intsrsection would com=
pengete for such = condtant loss, whether it be from cooling the nlete
or the result of air currents. 3y such trestrment, curves for different

weight films may be extrapolsted to the same initisl concentration,
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The sxtrapolated portion is shown in detall for 2 series nf sorayings
with Lacquer 1 in Fioure %, The dox in the lower right~hand corner
showg the shape of the comnlete curves snd is iacluded because avaporas—-
tion was allowed to proceed further then in the final mothod using tin
1ids. The numbers on the curves in Figure 4 represent the dry film

. welghts, which are nroportional to initial film weights. It may de
ssen thst the curves for all sorayings except one can be extrapolated
to the same point. The poor behavior of the hesviest spreying, not
only on extranolation but also in general relation to the other curves,
must be the result of an error in dry filmn-weight determination, re-
cording of time, or difference in temperature. Temperature was not
checked as consistently during these measurements as it was in the

final method,

Whersas ihe value for initisl concentration obtained by ex-
trapolation of the evapor-tion curves denends on tie Judgment used in
extrapolation, snd because it was found that better evaporation data
could be secured with less ofort in s measurement separste from the
spraying oneration, the siudy of evaporation rate on film-weight plates
was shandoned., A new and simoler procedurs for the determin~tion of
spraying loss also was adonted. A plece of gresseproof peper way
-attached in the position of the sauples on the siatlonary drum. A fair-
1y heavy svraying was made 80 thst the lacguer began to sag or run; a
portion of this sprayed film was lumediately scraped into a puldle with.
a spatula and transferred to a weighing bottle, in which it was dried
to constant weight. The wet welght, dry Qeight, and tare meruitted cal-

culation of the concentration. The result obdtained for Lacquer 1 was

used in the extranolations in Figure U,
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The temperature drop during tgrgix_xg was not evaluated, sl-

though changes of 14 and 16° C. are renorted by Bogim (25). A knowledge
of the texperaturs drop alone without a study of the temperature co-
efficients of evaporation rate, viscosity, and other varisbles of the
lacqouers could not be interpreted. The thermal interaction between the
lacquer and paper samples would further complicate such a study. In=
stead, it is assumed that, for any particular ssmple, the temnerature
changes and the effects of the changes oﬁ the lacquers are roughly
equivalent. JFor lacquers of similar formulation, the more volatile the

solvent mixture and the greater the latent heat of waporisation, the

greater the temperature drop to be expected.

PAPsK AND BOARD SAMPLES

The sauples used and their physical pronerties are listed in
Table VII. Sample 1 was N,. 300 Plain Transparent Cellulose Paper,
referred to as cellophane in this report. Sample 2 was LO-pound bleached,
uncalendered, uncoated greasenroof pajer. Sanpia T, & sulfite waxing
stook,was used only in some preliminary tests, but not in the controlled
sprayinzs. It is included because comparison makes possible a better

understanding of the properties of the other boards.

The smoothness and porosity were determined on the Beltk smooth-
ness tester (g§, gl). by measuring the time in seconds required for a
definite amount of air to leak between the sheet and e glass plate (for
smoothness) or through the sheet (for porosity); the higher the Bekk
value, the smoother or denser the sh:-et. Smoothness was deternined by

the standard procedure, in which the sample is backed with & rubber disk,
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In the measurement of norosity, the edges of the specimens were sesled

to the glass plate with vaseline to nrevent leakzge., In both messure—
ments, the time for the vacuum to drop from 380 to 360 mm. of mercury

wés recorded. This pressure incresse corresyonds to the passage of

10 ml, of air, The sheets are ranked in the same order by visual

Judguent as by the recorded values of smoothness and porosity. Bekk
pbro-ity divided by calSper is iancluded in the table, 28 it gives a better

idea of true porosity.

As would be exnected, there is a correlation detween aoparent
density and porosity. However, Sample 7 seems to be cut of line. This
1s sttributed to the fact that it is made of virgin fiber, not zreastly
hydrated, but calendered to give smoothness s2nd density. In comparison
with Samnles 4 and 6, both of which contain hydrated or cut stock
elther in the liner or dase, Sample 7 may be expected to have larger
pores, slthough perhans fewer of them, for the same density. Ia such a
porosity measurement, pore dismeter enters to the fourth power, This
statement is made with the Poliseuille eguation for flow in cepillaries

in mind (3).

The porosities of the boards do not give, in every case, &
true picture of the porosities of the liners. Samples 3 and 7 were
quite uniform, The liner of Sample 4 4id not differ greatly from the
buse stock, whereas the liner of Sample 6 was certainly more porous and
by visual estimstion appeared to be comparable to Semple 7. The strue-~
ture was 80 expanded in splitting the liner from the bese stock that a

separate measurement was considered impractical.



1-33“-

The contact angle of water sgainst the samples was nessured
in the eame menner as the contnet angle of lscouer. It indicstes the
degree of sizing, As indicated in the section discussing the experi-
mentsl data, the grect differences observed for water (0 to 104° ) .

were naot noted for laccuer.

Some nonumifornity of wetting for water was observed with a
gurface tester, which hns heen used st the Institute to prediect be-
navior in elr-knife conting, but the same effect was not found with

orgenic liquids,

The velues given in Trble VII for the iysical nroperties »f
the boards sre tysicsl values. During the course »f the work, narticu-
larly in the testing of the dry films, e surnricing amount of nonuni-
formity was shaerved. Fift; ~er cent v-ristions in tlie morasity of

any one board were found in soi'e ¢rses.
PRSI OF THN DAY FILMS

The finel films were testad for continuity. A turrentine test
epnlicsble to boards was devised and, elthough 1t wae later zbrudoned
in fovor of a norgsity test, it deserves mention. By nlacing the coated
side down =nd using & niece of tissue ar thin hond nener as an indicator,
tie niverse effect of the thickness of the boords could be avolded snd
resulte comoersble with the ususl turventine tests on coated naner od-
tained. A strin 1 inch ~-ide waer cut scrozs the gorsyed samle, It
was »vlaced on the indicrtor »naner, which lay on 2 £lase »lste. Flve

ghort :ieces of iron nive, of an ~utside dismeter of 7/8 inch, were
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placed upright so as to cover the middle 5 inches of the sample strip.
An excess of turnentine was dropped into the pioes with an eyedropper,
gnd the time for the first spot to sppesr under each wae ohserved from
Yelow. In 15-30 minutes the turpentine would work under the edges iz
it had not penetrated the filu, and the test would heve to be discon=

tinued.

Most of the testing was carried out employing the Bekk
smoothness tester. Samples 3/i-inch square were sealed, with the film
side down, over the round hole (1 sq. cm. in area) in the less >late
with n 1itile veseline. The porosity attachment was used, and the time
of fall from 500 to 480 mm. was measured or estimated from the dlstance
fallen in % mimutes in the case of a nearly continuous film. If no
chanze could be detected in 5 minntes, the filn was considered to be |
impervious. Three or four samples tsken from tlhie center of a strlp

aoross each noard were tested.

The porosity test had severel alvantages over tiig turpentine
test, in thst less was left to the Judgment of the operators, the sams

samples could be retested, »nd the time of testing was reduced.

In Mgure 5, values observed with the turyentine test are
plotted agsinst those obtained with the Bekk porosity test for a number
of sprayings. A correlation is evident. Corrected for blanks (values

for vncoated semples), the curve would be nearer a straight line.

¥or the purposss of this wérk, gero air pornsity as measured

by the Bekk test defines & continuous film. In practice, tlie word
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continuous is often used interchangezhly with imrerviocus. However,
there 1 o distinetion. A film which is not continuous certsinly 1is
not im-ervious. A filnm wihich is macrosconically continuous may be

servisug o =ir, v:nors, or liruids.

It seems justifinble to sey thrt immervisusnese for n uacro-
sco~dcally continuous film is = functinn of the film-forning mrtgrizl
snd its lnherent submicrascooic structure, For instsnce, & cellonhane
sheet is found to be continuous by the Bekk test znd ie imervisus to
0il but it is slishtly wernmerble to gzses sud very nerueshle to water
vanor, A f£ilm of nitrocellulose has low nermesbility to gases, but is
not exnecially good from the st: ndroint of w-ter waror. “ax filne,
in zener:l, nffer good resistence to wnter venor dbut nry he disenlved

by oils,

In short, the first recuirenent of an iumervious film is
thet it be continucus; the gecond requirenent is that the reterirl it
self be resist.-nt. The physical nature--i.e., density, shsence or
nresence of gell structure, amornhous or crystelline n-ture, end solithility
--28 well ag its chemicsl nroperties, determines the rasistance of the

film nmnterisl.

The celloshene snd greaseproof semoles could be tested neither
b7 @ morosity nor by the turaentine test., Also, the film meterial was
not sufficiently resistznt to meke water-vasor nermecbility of wvalue es
5 test. {ence, the continuity of films on thrse w~teriale was estinated

by visuwl exsminstion, using s microscone ns well &ss 2 hand lens,
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BXPERIMENTAL DATA

The approach to the nroblem of studying the mechanism of
film formation was divided into several seotions, and it seems loglcal

to discuss the results accordinz to the divisions in which they fell,

The standardized conditions of spraying have been set forth
in the precedins section, as well as the formulations of the lacquers
and the physical properties of the samples sprayed. The technicues of
measurement and the annaratus developed may also be considered a part
0f the thesis results and likewise heve deen discussed in the foregoing
section, so that for the most part no further considerstion need be

given them,

Yor purposes of discussion, the balance of the experimental
data will be presented under the following headings: physical properties
of the lacquers, changes during the sHraring o'baration, tests on dry
£ilms and, finally, other observations not directly related to film

formation.
PROPERTIES OF THX LACUERS

The values obtained in the measurement of the physical proper—
ties of the originsl lacquers snd ev#poratod samples are given in Table
VIII. A knowledge of the specific gravity (0.855) of the solveut mix—
ture and the formulations of Lacquers 2 to 6 ~ermits a calculation of

the concentrations of the original lacouers from the welghts of the

nonvolatile portion snd the solvent. The calculated velnes were found

to be in good agreament with those found in Table VIII, as determined by

measurement. A compsrison is made in Teble IX,
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TABLE IX

COMPAHISON OF MEASUKED CO'CENTRALIONS OF ORIGINAL LAC(UKERS
AND VALUSS CALCULATED FROM THAIR FORKULAS

Measured Celculated
Concentration Concentration
Lacouer

2 3.04 3,04
3 L.95 - k.93
Y 6.00 6.15
5 12.62 12.80
6

16.40 16.70

The small differences may be the result of insccuracy in
weighing the nitrocelluloss or in measuring the solvent, since en
ordinsry platform dbalance and graduated crlinders were used, or they
may be the result of incomplete removal of the alcohol in the nitro~

cellulose samoles.,

The specific gravities probadbly are nol of grest importsnce

in filwm formation, even though they might be employed in correcting
film weight to film volume or thickness; however, they do enter into

surface tension, interfaciasl tension, and viscosity measurements.

In the measursments on the originel snd evaporatedssmples
of Lacquer 1, specific gravity was found to bs neerly a linear function
of concentration; the values obtained for the originsl Lacquers 2 to 6
could be quite accurately expressed by the linear equstion
/# = 0.85% + 0.00380 C, (8)
whara P4is the spscific gravity and C is the concentration or percentage

of nonvolatile material.
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The values for spacific grevities reported to four decimal
places in Table VIII were measured. Thes other values were estimated
by extrapolation for Lacquers R and 1, end from Equation (6) tor Lacquers
2 to 6. Whereas no interfacirl tension measurements were msde on the
svsvorated samples of Lacouers 2 to 6, greater sccuracy is not required~—

fi.e., in the celculation of vigcosities and surface tensions.

The viscosities of the originel lacouers ware essentizlly the

seme, with a total range from 39.6 to 40.5 centipoises.

The veluas of viscosity versus concentration have been plotted
in Figure 6. Xach curve hears the number of the corresponding lacruer.
Those for laconers 1 to 6, in which the nonvolatile composition differs
only in ths nitrocellulose type (inherent viscosity), revresent n definite
family., Lacquers 1 and 3 had the seme nonvolatile composition, dut
4iffarad in solvent composition. The greater dilution reculred to reach
soraying viscosity, as well as the more rapid incresse of wviscosity with
concentration for Lacquer 1 as compared with Lacquer 3, may be atiributed
to the greater sloohol content of the latier, alcohol being eifective
in decreasing viscosity in the nresence of both a true solvent and a

diluant,

The more rapid increase in viscosity for Lacquer R and non-
conformity with the family of curves for the other lascguers msy be

attrituted to its resin content.

All the curves nay he exp‘ceted to rise more sharply at high

concentrations if they are to give solid films, 28 thaey do. Such sn
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increase in slope appears for Laoquer §, the most concentrated lacquer,

The surface tensions uf the unevaporated lacquers ranged from

25.4 to 26.1 dynes per cm., and incressed with incressing concentration.
The highest value measured for the evaporsted sreples was 27.5 dynes

per cm, for Lecquer 6. The lowest vslus, 5.5 dynes per cm., in the
series of Lacquers 2 to € corresponded to thet observed for the solvent
mnixture. Had psetroleum thinners instesd of toluenes been used as diluents,
lover surface tensions would have been expected in accordance with the
findings of Stewart sand Hook (1). The increase with evaporation probably
is not the result of incrensing nitrocellulose coucentrestion, but of
variation in the solvent compozition. In eveporation, the more volatile
components, as well as those of lower surface tension, sre lost more
rapic¢ly. Iu the original lscquers (2 to 6), the quantity of dibutyl
vhthelate incresses with increasing concentration., It may be considered
as p nart of the solvent in the liquid lacquers and has the relatively

high surface tension of 32.4 dynes per cm.

Interfacisl tensions of the lacquers sgainst 3% per cent

glycerin and weter were not deterxined for 211 the evuporeted samples.

In the case of Lacquers R and 1, both interfacisl tensions were found

to incresse with increasing eoncentretion, the effect being more rapid
for Lecauer R then for Lacmuer 1, The increzse for Lacquer 1 from 2.6

to 3.8 dynes der cm. egainst glycerin rud from 3.6 to 5.4 dynes ser om.
ggeinst vater may he fictitious and msy Se cansed by the effect of in-
creasing lacruer viscosity on diffusion. Velues obtainsd for the larger
first drops, which wera rapidly formed, vere more unifors in the evapora-

tion series and corresponded more nesrly to the values observed for drops
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formed slowly at high concentrations and viscosities. OUn the contrary,
the inltisl drop size for Lacquer R incrsased with increasing co.cen~
tration. The difference in bhehavior is attributed either to the loss
of alcohol during evaporation or to the different nature of the non-

volatile content (resins) of the lstter.

Lacquer 1 was formuleted with a minimum of aleohol, with the
ides. of obtaining a lacquer of high interfacisl teasion sgainst glycerin
and vater. A value of about § dynes per cm. or more was expected for
glycerin, The low value of snproximestely 3 dynes per cm, was a dige
tinet surprise. Aoproximate interfzcial tensions sgeinst glycerin of
various combinations of the materials used in formulating the lacouer
were roughly measured to determine the cause of the low value. The

rassults are presented in Iadle X,

TABLE X
APPROXIMATE INTIRIACIAL TENSIONS AGAINST GLYCERIN
Interfacial Tension

Haterials dynes/ca.
Butyl acetate 1
Butyl acetate 7.5
Sudan 1II

Butyl acetate, 10 nl. B !
Bthyl alcohol, 0.1 =1,

Butyl acetate, 5 ml. 9

Ethyl acetate, 5 ml.
Toluene, 10 =l
Ethyl alecohol, 0.3 ml.

ht’l acetate, 5 nl, 705
Ethyl acetate, 5 ml.

Toloena, 10 ml.

Ethyl alcohol, 0.6 ml.

Butyl acetate 3
Dry nitrocellulose

Butyl acetate 2.5
More dry nitrocellulose

Butyl acetate 3

Dry nitrocellulose
Dibutyl phthalate
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The conalusion ig resched that the nitrocellulose itselfl 1s
surfoce active; considering the ecollolidal nature of the soluilon and
the nmol-r &s well as the hydroxylic nnture of thie naterial, the low

value of the interfsacizl tsension should have dern no surnrize ot sll.

In the mersureraunt of interfsci-l tension of the origins]
incquers (2 to 6), the drons wers cults unstsdle, The low values, 1
to 1.5 dynes per ¢m, azainst glycerin and 2 dynes ner cn. agsinat wster,
msy be ~ttriduted to the aleohol coutent of the =olvent., Values of
soproximately 3 dynes ner cn. against slycerin and 1.5 to U dynes ner
cn. £:rinst water were obtained for the solvent nixture., In the neries
of unevenorated locruers, thz value sgninst wnter ramzins chout the sone,
where-s that a;rinst glrcerin decre-zez with lncreasing concentr-tion
in accordsnce with the surfrce activity slready observed for the nitro-

celliulose.,

Mo evidence of zelling of the lzcouers at the dron interizce
waa found; howevar, wian stonding, the attenu=ted lrceuer filrs betveen
the droms whiclh hed ssttled to the bottow of the test tihes h-od & hlushed

or milky sn enrance vhen vater wng used.

in tre evanorstion series for lacouers B nnd 1, hoth i-ter-
freicl tension snd sldveneing contoct #ngle inerersed with incre«ging
concentrstisn. It Se ressonzdle to emect a eorrelstion betlween these
t-0 - easurea of surfrce oronertiea; unon cursory insmectinon, the reeults
for the tvo lacouers nizht bhe trken ps wroof of o relrtimehin, lHowever,
a plot of contect sngle versus viscosity (the =0lid moints, Tisure T)
for =1l the lacc.iers on board Semnle I su - ests that advenecin:z conteet

angle, 5% weasured, is o function of vi=cosity end, conaecruently,
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comparisons may bs made only at the same viscosities. In general, the
points for individual lacquers do not lie on atraight lines or even
suooth curves, so that the scattering of the poiats from a single line
probadly reoresents exnerimentsl error. However, the three poinis for
Laccuer R do lie very close to a stralght line, and only three points
for a1l the other lacquers lie below that line. Since Lacouer R has

2 higher interfacial tension than the other lacquers, the opposite con-
clusion would be resched—namely, that advancing contact angle on paver
decresses with lncrealing~intarfacia1 tension against glycerin or water.

With so 1ittle evidence, it is better to draw no conclusion at all.

The surface tensions, discussed above, are nesrly the same
et any viscosity for all the lacquers, snd in the range studied do not
increase markedly with evaporpstion. Thersfore, 1t_:nems Justifiable

to disrezard them ia the discussion of contact angle.

Although the paper =nd board samples showed considerable differ~

ences in the contact anzles of water, this was not true in the case of

the lacquers (see Tables VII snd VIII). The results on the various

paper or board samples for the evaporation series of Lacouers R and 1

and the initizl Lecquers 2 to & mey be coneidered the same within the
ranze of exnerimental error. The low values ageinst board Sample J at

low lscouer viscosities were caused bty the rapid penetration of the
lacquers into the sample an? cannot be considered as 2 true measure of

contact angle.

Some doubt might exist as to whether the true contact anyle

has been measured even for the dense and smooth samples. Toote (§§)
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found thet the contret sngles of s£lechol, bhenrene, sud forrn~mide rzeinst
sized or unsired ranermaking fibers were zero. The cont#ct znglan ~gainst
cellovhrne of the solvent mixtures used in the formulstiom of the lrecuers
were too srirll to be veasured b the dror rethad used; yet, the lrcruers

gave rieasurable sngles,

Contzct rngle along & linenr ade ie usurlly exnressed from
enerzy conglder-tione or by resolution of forces in the erustion derived
by Young (29),

Z; -~ Y = y cos 8, (D
in widch Z; je the free surfrce energy (surfzce tenczion) of the aclid,

Zﬁl is the free surfrce erergy of the 1nterface.‘1i iz the free surfnce

erergy of the licuid, rnd 9 le the contaet enzle.

In cheneing from re-eurerents on & solvant to those on a lzeruer,

J; and.xi are esgentirlly unaffected. Therefore, recording to Eouation
(7), 3£ @ 42 to 1ncresqe.2f;l ruat aleo inerense, However, heesuse of

the netursl tendency of any rveten to seck the lawepat energy levels,
coronents which lower surf-ce energy rre more e fective then thnen

“wich reize it; thus, = lerge ineresse 42 not to be exnected. In fret,

if it is nostul:sted that there 48 & sinilerity bDetween s vanar surface

and glyeerin, & decre- se in 7 sl right be exrected in analogy with the

itz of iable X,

It is yprobrble sither thet tyue equilibrium is not resched,
or thst v-rirhles erxist which =re not tslen into acesmt by Truation
(7). It is true thrt this e~intion holds etrictly only for & linesr

interf-ce but the sane ressoning is v:lid for the more com-lie-tad cnse
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of & drop. The apvarent relationship of contact engle end viscosity
elrasdy wmentioned (Figure 7) may provide some explanstion; hovever,
sinple viscosity should make no 8ifference 1f a reesonrble time is
allowed. If the lrcruers had shown evidence of a plastic nature, &

definite correlntion of yleld value and contact sngle ocould be expected.

For tho cases in which sdvancing and receding contact angles
differ, an empiricsl theory involving a friction force along the sur-
face has besn developed b - Adam and Jessop (30). ZThers ie every evidence
that the receding contact engle for the lecquers is zero. An attempt
to find s simple relationshis between viscosity and a friction force,

using the data obtained on the lacouers, wns unsuccessful.

A phaio chanze in vhich a portion of the solvent would ﬁn Y
sorbed from the lacouer by the naper, leaving e plastic or very viscous
f11m at the interface cannot be used to explain the eximtence of a
contact en:le. Contact anyle messurements of Lacouers 1, 4, 5, and 6
azeinst tin plete zave values essentially the same as, though perhans
slightly lower than, those found for paper. The small clrcles in Figure

7 reoresent the values for the films on tip plate.

Whether the resulis of contact angle measurements represent
true equilibrium values or not, they mey be expected to indicate the
actusl behsvior of the lacquer in the coating operztion. Perhaps this

is of greater importance.

In considering a mechanism for film “.rmation, and partioularly

£1lm breakdown, such factors as the welght of film, viscosity, surface



tension, sud elunsing time are of interest. There iy be v wlde viristion
in co.centration for lseruers of siril r Iy sicsl —ro-erties. Turtharmore,
trere ney be & greet iifference in drying time. Fence, 1l 1% more loglierl
to exnress the .roverties of the leeruers in the drying Tilm se &

function of tine elansed sfter sorsying rether than ag & functim of

concentr:tion. They ars then on a common bsels,

Determinction of the rel:-tive retes of drying wermits = com~

usrative exresrion of hysical mrooertiea with time ae the indenendent

vericble.

In a preliminary study of the evasorsilon method on tin lids,
the evenorstion rates of dutyl ncetate, toluens, snd butyl aleohnl were
detervined for comparison with resoorted rates. It 1s custonizry to ex ress
evauor-tion retes on the dbrsis of teechnicsl butyl acetote re s sinnd-rd,
to wiler 1z ssai.ned : wrlua of 100, Yhus, & materisl which lozes weight
twice &3 r-oidly, or which awrnorstes in hali® the tize, 11l heve - rela-
tive © te of 200. Relative retzs for toluene nud bulyl zlcohol oh-
teined by evasorztion in tin iids are comy red with those re-orted by

Bogin (31) in Tedle ZiI.

Corrections for temerature vere pede oscihle b the #asuim=-
tion thet tie robes o evooration are »ronortionsl to the vonor —rassures
of the liculds. %ha ehenge in vanor aressurss with chenge in temser-ture
was ealculzted frox t.ie lests of vonorization listed b Bogin (31) rnd
the thermodyasuic eruetlon, '

log 2y/Bp = Byl = Lp)/23 KL, * L) (&)
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in which Py and 32 are the vapor nrassures at temperatures 34 end I,,
1y aand T, are sbsolute temperatures, H, is the molal lsteut heat of

vaporisation, &nd R is the gas constant.

It may be seen from the data of Table XI that the relative
ratas at 23% O, for the method used are in falr agreement with thoae
renorted. A better agreement 1s obteined 1f the values are correacted

0 30° C,

TA3LR X1

COMPARISON OF TVADORATION RATE MRASUIRZITS ON SOLVENTS

Rate at Rolative Rates
Heasured Rate 23° ¢, Measured Reported

Solvent ng./min, mg./min. 23° ¢. 309 6. 30° €.
Butyl | |

acetate 0.028 (23° 0.) 0.228 100 100 100
Tolusne 0.530 (249 ¢.) 0.504 221 214 195
Butyl

alcohol 00086 (230 00) 00086 38 41 u‘j

The results of the evaporation studies for laccuers on the
film-welight plates are munarized in Tsble XII, =nd those on tin lids
fn Tedla XIII. Becsuse the rate of change of concentration is of more
interest for the lecouers, concentration s=8 2 function of time i3 re-

ported instead of evaporation rate.
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TABLE XII
TI¥E FOR EVAPORATION ON FPILM~WEIGHT PLAT:S

Tine Tine
from Kot from Nat
Spraying weight Conen. Soraying VYeilght Conon.
Spraying  min. & % Soraying  min. &
BR-2 2 0.8  29.9 1-9 1.5 0.5 .
4 0.383 32.6 2.5 0.457 1je7
1 0.338  37.0 3.5 0.414  15.1
10 0.300 .7 5 0.357 17.5
19 0.212  59.0 6 0.322  16.
27 0.166  75.3 15.5 0.091 69
313 0149  83.9 25.5 0.065 90
37 0.143  g7.5 R 0.0:2%
oo 0.1250
R=3 1.75 0.600 =1.9 1-10 2.5 0.310 13.9
6 0.315 312.5 3.5 0.328  16.2
9 0462  36.2 5.5 0.257 o |
1’3‘ 0.110  40.8 7.5 0.202 26
2 0.290 57.7 11 0,129 1
oo 0.1674 15 0.019 67
23.% 0.056 95
1-1 1.5 0.10 20 oo 0.053
2,5 0.019 25.8
h 0.050 40.8 1-11 3 0.243 18
7 0.025 81.6 k.5  0.192 23
10 0.021 97 5.5 0.164 27
12 0.0 97 7 0.128 34
oo 0.0204 11.5 0.000 73
17.5 0.0¢ a4
2.5 0.054%5 31.9
L 0.0325 53.5 1-12 2 0.18% 19
6 0.0205 85 3.5 0.138 25
< 0.017% 5.5 0.103 35
7.5 0.063 56
1-3 2.5 0.0146 &9 10 0.0k 80
4 0.0137 95 oo 0.035
5 0.0136  95.5
4 0.053 47
1=l 2 0.018 66 6.5 0.030 83
5 0.0121 98 9 0.021 93
oo 0.0118 o 0.025
2.5  0.0u2 43
3.5 0.030 60
4.5 0.023 78
e 0.018
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TARLE XIII

PIME POR EVAPORATION ON TIN LIDS

Dry Veight 0.1000 ge

Time Conecn.
min,
1.% 17.99
2 18.11
4 18.60
6 19.12
10 20.1
15 2.l
26 23.1
T
60 29.8
75 33.2

Temperature 23° C.
Dry Weight 0.0385 g.

Time Conen.
- min, %

5 5.63
20 T.39
35 9.80
50 13.5
65 18.9
80 21.9
95 43

110 67
125 90

Lacquer R
Pemperaturs 23° C.

Dry Weight 0.1016 g.

,1!‘ Conoa.
nin. %
2 18.34
5 19.13
10 20.5
25 23.4
N 26.1
55 28.7
70 .6
Lacquer 1

Tempersture 23°‘C.
Dry Weight 0.0396 g.

Dry Weight 0.2089 g.

Tipe Conecn.
nin, 1

5 18.55
15 19.7
30 2.3
5 22.7
60 24,1
15 25.4
90 26.8
105 28.1
120 29.6

Pempers ture 24.5% C,
Dry Weight 0.0405 g.

Time Conca.
min, ‘

5 5.5H
15 6.66
30 8.5
45 1.}
60 14.9
15 20.8
90 .2

105 kg
120 13

Tiae Conen.
nin. , f"t

5
10
15
30
45
60
15
20

105
120

Nt o oy
n ho N
8NN\"\J|

Ok O\ 3 et



_53-

TABLL XIII (Continued)
PIME ¥OR EVAPORATION 04 TIJ LIDS

Lacquer 2 Lacquer 3
Temperaturs 25° O. Temperaturs 25° C.
Dry Welrzht 0.0020 ~. Dry Weight 0.0230 z. Dry Weight 0.0388 &
Time Conon. Tine Conson. Time Concn.
nin, ﬁ nin. % min.

5 3-33 5 3.34 -5 5.43
15 .09 17 4,02 15 6.58
30 5.63 30 5.49 30 8.83%
40 7.05 4o 6.85 0 10.36
50 9.02 50 8.72 50 13.65
55 10.3 55 9.96 5% 15.45
60 11.9 60 11.2 60 17.4
65 13.8 65 13. 65 20.3
70 16.3 70 15.8 70 23.5
15.5 19.6 ] 18.8 75 273

80 22.5 80 32.3
85 38.0
Lacquer U Lacquer 5 Lacquer 6
Temperature 25° C. Teupers ture 25° c. Temperature 25° C.
Dry Weight 0.0495 g, Dry Weizht 0.1045 g.  Dry Weight 0.132]" g.
Time Conen., Pime Conon. Tims Conen.
ﬂin. ’ Rlln. % Iﬂin. %

5 6.80 5 14.03 5 18.20
10 7.47 10 15.32 15 21.75
20 9.00 20 18.25 32 28.35
ag 10.38 30 2.7 33.8

13.2 50 1.1 50 40.6
50 16.4 55 34,3 55 Lk,
55 13.3 60 37.8 60 48.8
60 20.7 65 .8 65 53.4
65 23.5 70 6.1 70 8.3
10 26.8 % 50.8 15 63.0
75 30.7 80 £5.9 40 67.7
80 35.4 a5 60.8 85 72.1
g5 40.7 90 66.0 99 76.3
90 46.9
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A comparison of the ratio of time for equivalent chiange in
concentration to dry film weight for the films of different weights of
the same lacquer on the plates for ths s rayings of Lacquers -2 and
B3, 1-1 and 1-2, and 1-9 to 1-14, and the 1ids for Lacquer R leads %o
the conclusion that for the same lacquer, withia the experimental error
and in the range studied, the retio is not changed by a change in film
thickness. The results of the measurements with Lacquer E on lids
ars comoared in Trhle VI, If time from s>raying is used in celevlating
the ratio for the film-weight dlate studies, each value must be increased
by asbout 2 minutes, corresponding to tha‘e:trapolation discussed in the

previous section snd illustrated in Fizure U,

The changes of weight with time csloulated for films of unit

initisl weight after spraying of Lacquers 2 to 6 are represented by the
curves in Figure 8. Each curve hesrs the corresponding lacouer nusber.
Lactuers 2 and 3 gave essentially the sere results. If the values were
corrected to film volume instead oF film weight by division by the
density, even lese sapread would be aoparent. Eveooration studies of
Lscouer R were mnde at 23° instend of 25% C. and have not been piotted.
The film weight for Lacquer 1 decreases somewhat mors slowvly af first
then that for the series 2 to 6 aos a result of greater initial loss in
spraying; however, in the later strges it would lie just bYelow the values

for Lacquers 2 and 3.

The straight line in the figure represents the waight of an
equivalent film of butyl acetate slso svaporating at 25° Cey and is in~-

cluded for purposes of comparison. Tha negative slopes of the curves
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st eny point renresent the instantaneous rates of evanoration in

nilligrams per ninute “er square centimster,

e ealeulated values for time ars of the same order as those

observed for the acturl snrayed films,

The rate of evaporation, in the esrly stages st lemst, would
seer to be dependent on the solvent commosition and 1ts wolatility, snd
not on the nonvolatile coétent. As the concentrations of the initial
lacquers increase in passing from 2 to 6, the vronortion of solvent de~
creases, 80 that the relstive change of solvent composition during
evznorztion in filus of the sare originsl welsht is greater for the nore

concentrrted lacouers,

%ith the excestion »f concentrstion, viscosity, snd contact
angle, the laccuer mronerties are not only essentislly equivalent, but
resein reletively constant. As has been nointed out ezrlier, contact
angle seens to be = function of viscosity. Uherefore, of the ~hysleal
nezsureuents, only the vrrintion of viscosity hae been compzred with

tine sfter soraying as the vorisble, The results sre nresented in Ylgure

J. +he mwibers on the curves correspond to the lncruers, 3 and % being
esgentiszlly the seme. The dotted curve ror Laccuer 1 renresents vzlues
ecalevlated from evanorstion rate nessurenents ot about 23° .3 cormared
with the solid line for 25° C., this curve shows the effect of temoerature

on evanoration rete and viscosity change.

From tie time of spraying to the time the viacosities reach
1000 centinoises, Lacquers 2 to 5 are anwroxlrately the sane. Abhove

1000 centinoises, the divergence is prester; however, it msy he exnected
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to have lass sffect unon penetration because, for flow changes taking
place in the film and during venetration, the product of time esnd the
reciprocsl of viscosity should be the determining factor (ses Equation

(1)).

The viscosity of Lacquer 6 incrsases mors rapidly with time,
whereas Lacouer 1 shows a hisher viscoslty in the initial atages. It
is intereating to note that Lacquer 3, of soproximately the same con=-
centration snd with the same nonvolatile content as Lacquer 1, glves

a Jarallel ocurve displaced on the time axls.
SPRAYILG OPENATION

The loss of volatiles in soraying determines the concentration

and viscosity of a lacousr during the formetion of the film. The re-

sults of messurements on the snrayingy losses are given in Table XIV,

The hizh loas for Lacquer 1 correspnnds to greater solvent
volatility, dut the change for Laconer 4 seems tno high and ias probadly
in error. However, in viaw of the {mportance of temperature, the re-

sults may bs c-oneidered satisfactory,

The occurrence of Ary soray, very viscous droplets, or droplets .
covared by n skin of viscous lacquer, wiich do not flow out 2nd coalasce
on the srared aurface, nerd not nresent a nroblam. No trouble was
exdarisnced in tlese sorarin e, In weaeral, by araner coutrol of‘ solvent
volatility, with or without the addition of retardants (high boiling
solvants), the avasoration loss during soraying mey be co.trolled end
made to fit such conditions as distaace of the gun from the work, fan

width, and temperature of spraying.
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The other nertinent dcota on the snrsyings sre given in Toble
. The lecruer nurber and a number for the snraying identify each.
The roon tem-srzture, time of rotrtion of the drum, dry film welght,
vet £ilm welglt, £nd samples snrryed are trobulated, If a soace in
the colunn under & samrle number is blsnk, it signifies thet the samule
did not recelve that -rrticulrr sara&ing. Supeyinge of low wéight weyre
of 1ittle intereat nn the norous board Samile 3, vwerens heavy ¢rayings
were of no isterest on the dense cellonhrne and srensenrosf mwner (Sam-les
1 =nd 2) end of leas interest on the denseat borrd (Samnle 4., In
tie sorevinge of Lac~uers 2 to 6, Semnles 1 2nd 2 were mol used Decause

ti.ey seemed to :f{fer no »roblem.

In the sprryings of Leequers i snd 1, the hood exhzust fen
ves turned off imnedictely sfter smwraying, the deum wee stonned, and
the filin-veight ~lrtes removed for welhing to follow evanorstion loss.
Ay wistzke, the exhsust £:n wrs not oereting during the sor-ying 1-2,
vhieh i# the one exce-tion, Xor Lazeruers 2 to 6, the frn wne left on

and the drum sllowed to rot-te until the films hed eet un.

Speculsr roflection of lizht fron the sarsred eurfrcee wes
taken as 2 criterion of commlete cover:ge or flooding--th-t is, a2 smonth
laccuer surfrce neont tist the surf:ce of the shert h=d been comletely
covered und t -t & continu us wet filn existed, Acturlly, continuity
night exist on r.ugh sammles before ghecul: r reflection i< ahtrined.

Yor the sorsyinge of Leenuers R end 1, on £ in Peble W indicates th-t
the corressonding asmole wrz flosded. An x signifies only thst the srm-le

was 3nrryed, snd for Laccuera R rad 1 thet flonding wee not obrerved,
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':ABLE XV,
CDATA ON SPRAYINGS

Semples)

( Sprayed

>
~ Drum, Dryo . Wet)
(Speed (Weight  Weight
sec./rev. mg./sq.om. mg./sq.cm. 1
5.5 1.2 5.1 4
11.0 2.5 10.6 ¢
16.6 3.7 15.7 =~
1007 O.ul 2.8 -
9.0 0.35 .9 f
6.7 0.26 3.6 ¢
5.6 0.24 34 f
4.5 0.17 2.4 4
3.7 0.1h4 2.0 =x
1.0 0.1l 1.5 «x
Ty 1.54 21.6
35 1.25 17.5
30 1.06 14.8
25 0.88 12.3
20 0070 9.8
15 0.50 7.0
10 0.36 5.0
5 0.17 2.4
5 ol 2.5
10 0.20 4.7
15 0.34% 7.9
20 047 11.1
30 0.62 1k.6
40 0.9% 22.0
5 0.2 2.9
15 0.61 8.6
20 0.84 11.9
50 1.22 17.3
40 1.66 23.5
5 0.25 2.8
10 0.49 5.6
15 0.TH 8.4
20 0.99 11,2
25 1.30 4.7
30 1.50 17.0
5 0.63 3.7
10 1.18 6.9
15 1.89 11.1
20 2.49 14.6
25 3.09 18.1
30 3.70 21.6
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TABLE XV (Continued)
DATA O SSHAYINGS

Room Drum Dry Wet Samples

Tempsrature Speed Weight Weight Sprayed
Spraying ° ¢. sec./rev. ng./sg.cm. mg.feq.cm. 1 2 % 4 6
6-1 25 5 0.91 4.1 X x x
-2 25 10 1.86 8.4 £ X x
6~ 25 15 2.74 12.3 x x x
6~ 25 20 3.67 16.5 T x x
6~5 25 .25 k.58 20.6 x x x
66 25 30 5.50 2L.8 x x X

Ylooding was not as carefully observed in sprayingtl of Lecquers 2 to 6, and

4ts sbsence or wresence is not indic,ted in the tabls.

An initial film weight of about 2.5 to 15 mg. per sq. cm.,
depending upon the roughness or porosity of the semples and the visg-
cosity of the sprayed lacquer, was found necessary for comnlete flooding.

_$imiler behavior was obaserved with Lecauers 2 to 6.

In every spraying, with the possible excéption of the lightest
with an initial wet film weight of 1.5 mg. per sq. cm., the tin film-
welght plates were flooded, although the cellophane saxple may not
heve been. The differcnce in behavior on tin end cellophane, which 1is
eanentislly ae smooth -nd almost as imdervious, msy he attributed to &
glightly smaller contact zngle on the former, to the warming of the cold
lacquer droplets by the higher heat capacity and better thermagl con-
ductivity of ths tia plate, or to a greater kinetic effect ss the drop~
lets impinge on the solid metal surface. The first two are probably

the most important.
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Although the filzms on greaseproof paper and cellophane were
never really tested for continuity, there is every reason to helieve
thet, when the surface 1s once wet and flooded, the film ia not broken
during drying on these dense, essentially nonabsorbeat m:terisls. After
drying, viaual inspsction showed a smooth or hagy surfecs for the
cellophane, depcnﬁin,_f upon whether or not floodin: took place. Exemina=-
tion under a low-power microscope reveeled the statistical nature of
spray pattern. In zoing from light to heavy sorayings, the lacquer
eppears in spots correspondisg to the originel droolets, after which
irregular splotches of varying size are observed as soms of the droplets
strike nesr enough to coalesce on the surface; the splotches thexi fuse,
leaving an occasional bare spot; finelly, with complete flooding, a

’

continuous film is formed.

Observations durins the sprayiass »ermit surmises coaceraning
the mechanism by which dubbles ars formed in sprayed filus. For light
sprayings, bubbles ware not observed on the filmewaizht plates, the
cellophane, or the smooth boerds, dut always occurred on the roughest,
rost isoroui board (Sample 3). The conclusion is drewn that thess
Bubbles arise from air trapped in the voids of the sample. In the
heaviest sorayinzs, bubbles occurred on all the samples and on the
film-weight plates. It is believed thnt these are the result of air
carried into the film by impinging spray droplets, Just as air is
carried below the surface vhen n stone is dropped into water. It is
considered improbadble that bubbles are formed by the grouplng of the
spray droplets with inclusion of =ir during thelr flight or at the

moment of strikingz the surface.
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In general, the bubbles apjearing in the initial filas
droke and the lacquer lsveled during drying. In any event, & bubble
does not constitute 2 departure from continulty in the film; even though

levelins should not occur, if ons side is broken the othsr half resains,

In messuring the viscosities of the evaporated lacouer samples,
differences of several per cent were found if balls of various size
were used in the determinstion. A% the high viscoaities, these differ-
ences were not consiferel significant in so far ss necessary accuracy
was concerned; however, the results threw some doubt on the theory of
the entire method of viscosity measuremant., A further comparison of
the balls in s sucrose solution of high viscoslty checked the original
calibrations. In explanation of the mnomelous behavior of the laequers,
a non-Newtonisn anture is jostulsted. | A couparigon of drum 3>eeds
during soraying sud of film weights bears out tue hypothesis. Average
values of the sorardng rate, i.s., the ratio (dry f£ila weight x 100)/
(t1me of rotation x percentsze of aonvolatile), for 1l the lacouers
are given in Table XVI.

TABLE XV1
COMPARISON OF SPRAYING RATE OF LACQUERS

liacquer Spraying Rate®
R 1.28
1 0.74
2 0.72
b 0.84
4 0.83
5 0.99
6 1.12

* The unit is (dry f£ilm welght x 100)/{time of rotation x percentaze of
nonvolstile matter).
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The srrsying rste veluee nre in sgreement with nostulates
thet the lapruere sre dilatant, thnt dilatency iancreases with nolecular
size (viscosity tyne of nitrocellvlose), snd thrt sheoring rates were
greater in sorsying thra they were in the viscosity measurements, “he
vostulstes nre further sat blished by the obzervation thot, the larger
the bsll used in determin-tion of wiscoaity, the srester was the volue

ohteined.
THSES ON DRY PILNS

(Obeervations of the ~henomens of suraying have srmlied some
insight into the mechsnism of continuoue film formetion., Tests on the

dried Tilma wermit further corjecture.

The results of twrmentine teate ~re gsiven in Table XVII, snd
the d:sts on the modified Tekk “orosity nensurerments in Teb'e IVILI. A
cormzrisnn of the two methods, bosed sn the dzta for the soravings R-2

ard 1-1 to 7 on board Sannles 4 ~nd 6, ves been mede nn nage 3.

Although the Bekk test -roved suerinr to the turmentine
test, neither vas completely s-tisfactory., FPlots of Beklk values
sgainst filnm weight would yleld "shotzun* dlegrsms which could bs inter-
preted only in terms of trends; these nay be found alsgo by careful in-
snection of tie deta, It is incorrect to sttribute the noor nerfarmsnce

entirely to the tests, becz.se they sre fairly renrodicible on anyr one

#oraying.

It was eonsidered ocossidble that very thin films across the
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TABL% XVIL
RUSULTS CF TURPENTING TLISTS

w:i)gt Penetration Time for Different Boards, sec.
Spraying ng./sq.cm. 3 L 6

B2 2.5 19.4 ~ >1,500 900
R=~3 3.7 35.2 - 1,500
1-1 o 15.7 > 720 49.8
1-2 0.35 16.8 786 3.0
1-3 0.26 15.5 329 26.9
1-k 0.24 15.6 _ a 28.0
1-5 0.17 15.9 130 27.5
1-6 0.1% 15.4 100 - 24.0
1-7 0.11 14.5 102 24,8

interstices of the samples might exist, which would be broken dy the
nressure of testing. Howsver, the szme porosity values were obtsined
when the samples were tested first with pressure differences of 175 %o

120, followed by 250 to 24O, and then by 500 to 480 mm. of mercury.

Examinstion of the data of Table XVIII in comparison with
those of Teble XV shows that initiasl flooding does not guarantee con-
tinuous dry films on porous saznles. As film weight was increased for
sny particuler board sample and lacguer, the Bekk time (which is inverse—
1y related to porosity) was found to increase at s rapidly accelerated
rate. This increase in time of fall, or decrease of norosity, can be
pietured ss teking nlace as the pores (first the smallest and finelly

the largest) are nrogresaively nluggzed as the weizht of film is increased.



TAWUE XVIII
RESULTS 0F YODIFIXD BFKK POROSITY TEST

Dry
- weighé Time of ¥o)ll for Various Boards, sec. '
Spraying  mz./sc.cm. 3 ) 6
Averaze of Thres Measursments
=2 2.5 - contizuous -
11 0.1 2.3 1,710 14.3
1-2 0.35 2.3 580 13.3
1-3 0.26 1.9 69 1.7
1-4 0.24 1.9 53 11.8
1-5 0.17 105 60 9‘3
1‘6 0.11“' 107 5} 708
1-7 0.11 1.5 7y 8.0
1-8 1.5% 4.9 - 250
1-9 1.25 3.5 - 290
1-11 0.83 2.5 - 80
1-12 0.70 2.6 11,500 29
1-1 0.50 2.4 1,700 19
1-1 0.36 1.8 200 3
1-15 0.17 - 170 8
Average.of Four Measursments
$1m * Blank  Film Blank lﬂln Blank
22 0.20 1.8 1.8 5 15.1 8.0 6.0
ij o.au 2.0 1.7 5 11.3 8.9 6.1
0.47 2,2 1.8 600 18.3 22.8 7.1
2"’5 0062 2.5 106 1.030 1600 2“‘07 8.3
2=6 0.94 3.1 1.8 1,000 10.9 51 6.1
3-1 0.21 1.8 - 110 16.0 12.0 9.5
T2 0.43 2.2 1.6 121 15.0 14.5 7.2
Tl 0.84% 3.3 2.1 2,000 15.6 52 8.3
3=5 1.22 3.8 2.0 3,500  13.0 36 7.0
3=-6 1.66 4,8 2.0 4,500 10.5 300 1.0
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TABLY XVIII (Continued)

‘RT"SL‘M.‘S OF LODIFITD BEKK DPOROSITY TWST

c Iy
Chelght “ime of ¥all for Various ionrds, sec.
Sorsying ng. /8. cu. 3 b 6
o Averaze of Four Xeasuremenis
{an Blonk T™im Blank  Film DBlank
1 ) g
41 0.25 1.8 2.0 Wy 8.5 9,9 5.6
ha2 o.ug 2.3 1.6 113 11.2 15.0 6.4
b 0.7 3.2 1.8 128 11.5 23.1 7.4
e 0.99 3.0 1.8 2,00  10.% 5 10.0
u"s 1030 3.2 108 1'300 12.5 . 6.5
U5 1.50 L5 1.7 4g,000 11,1 137 5.5
51 0.63 2.4 1.9 315 10.1 25.5 7.2
Hud 1.18 534.0 1.8 650 12.2 ) 7.0
=3 l.89 o5 1.8 550 10.5 156 7.4
5"1‘ 2.)"9 5.)-“ 1.8 Gonto*, 3 2 14-10 8.0
G 3.09 6.6 1,8 cont.* 2. et 7'8
56 3.70 11.5 1.8 cont.* 1L.5 cont.* B.lt
o-1 0.91 2.0 1.6 o 5.7 31 6.6
[ 2,74 5.5 1.7 cont.* 1l.4 870 6.3
6" 3061 9.0 1.7 - had Gont.‘ 5b7
6“5 :4058 20014' 106 - - cotlt.* 5.9
_ o=0 5.50 93 1.9 - - - -

. Eo fall was observed, and these samales are considered to be continuous.
Under the conditions of these exierinents, tis rate of drying was held
constumt znd i« £ilm twice as thickt would heve about twice the tine to
penetrais into the sheet before setting wo. If drying time for filus

of different wei ht were held constsnt--for exam:le, by changss in solvent
formulation--the decrease in porosity with incresse in film welght could

be exisctad to oceur sver more ranidly.

Prom the study of dry films, & nurber of conclusions esn be

drawn concerning the effects of ths hoard »ronerties, The norosjities
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vﬁ“'.«:“ﬂ?ﬁ&" board sammles zre of wrimery imortance. The Bekk time for the
“w .

aa.me'fmx «arei’{ght 45 grenter rad increases more rmbddy with, ingreuse
B [ ; .-t [P

g £ sy .y
yedrds $hen for the  ore vorous ones--

T ey

in film weight for tiie denser
that 1s, in the order of 4, 6, 3. Immerviiue filws were formed at
lover Tili: weizhts on Bosrd 4 then on G, snd none »t =11 on Josrd 3
r j with the wei tbs of filix studied.
o

*?'M :
T

s - ey

v The pornsity memuﬁmmt maé,e on the mavced nortions of the
game sermnles in T’i'llaé" spx‘iﬁying“of Xﬂ cqu%‘s 2 to 6 show & wide varihtion
in the individusl boarde, snd offer some exnlanation for the unsetie-
factory results in testing. These values, corresnonding to the time
of foll fror 350 to 360 mm. of mercury, sre tabulated (together with

the filr tests) under the heading Blank in iable XVIII.

! .

; rficroscozic ex;ff‘.ggg%on o:;'( f-he f‘ix].ms on cello-hane hzs already
been nentioned under the discussion of spraying snd flonding. Similar
observ-tions of the films on the jrense roof -zper showed the effect of
roughness. Unlike the cellovhane, tie films were not uniform, but thin
at rrised nortions (such ns o fiber 1 ing sbove tlie avernge shaet
surfzce) and thick in the recassa: =t the ed-ea of such ¢ fiber, A
ain{ilar effect could'be observedieven for the wet filmm in the cnse ‘of
nrojecting fibers on Board 3, All in sll, the effect of roughness wosild
geen to be,firat, to incre-se the effective zres of a 3gheet énd,

second, to decresse the uniforiity of the film, It sy be considered

of secondsry imrortance as compsred with porosity.

'

W

’ g . S
! g e o Y et cedomE
-.w ,Asg : esult :‘f ﬁze'testsﬁi cert;;‘in cgaclvsdone ,.\@{\pe dravr sbout
the lacquers. Contrary to exnectstlions besed on the conasiderstion of the

similarity of nhysical proverties as a function of time in the serles
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of Lacquers 2 to 6, the norosity of the s'rayved sheete or the continulty
of the filue was r function of dry film weight within the rather
conaidersble ex erimentsl error. That is, for tha sare wet Tiln velght,
the effectiveness of the laeguers was nesrly mronortional to thelr
concentr-tiins, However, in view of the fret that aopraxinntely the same
wet £iln weizht was recuired for flooding, it is still reasonnble to exnect
that, at higher initisl vet filn viscositles, the “lysical »rorerties

end not the concentrations of the drring filnme would be the deciding fretor.

FPror Fioure 9, it mey be seen that Laccuer 1 differs from the
geries 2 to 6 in having = higher initisl viscosity, a¢ well ar g corre-
gondingly grester viscosity during drying. A comnarison of the film
test date on Bonrds U and 6 shows t.i2%, at the seme dry film weight,
Leccuer 1 is riore effective. 'The viscosity difference is not great

ensugh to have an effeet for Borrd 3 {the rost norous srmle).

As mentioned in the foregoing sebtion. the interfacinl tensions

of o nwder of liguids sgrinst 05 er cent glycerin were determined %o
nermit n better internret-tion of the measurements on the lacouers.
Mthough no svecinl ~recautiong were trken to -uprify the nrterinls used,
the results sre renorted in Tshle <IX, since it is believed th:t they

are not mvailable elsewhere.

“he value for chloroform may be too low, because it wss the
only one in which the tine of dron formntion seered 1o mae much differ-
ence. ‘'he 'resence of & surfrce sctive irmurity i= sugeested. The

vzlue for butyl acetste ie certoinly low, hecsuse ~f the sleohol content
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TABLE XIX
INTERPACIAL THNSIONS OF VARIOUS LIQUIDS AGAIST OLYCERIN AT 25° g,

U.5.P. Glycerin: agg 1.24871
94.85% (10)

Densi 2 ® 6. (reduced to vacuo Interfacial Tension

Iiquid se A* Phase B° dynes/om,
Dioxane 1.0440 1.1994 1.5
Acetone 0.8101 1.2299 | 3.5
Cyclohexanons  0.9509 1.2296 .1
gﬁ:ﬁﬁﬁ'ﬂ 1.1549 1.2446 5.7
Cornteny™  0.a716 1.2425 T
Ethyl acetate 0.897% 1.2418 9.2
Chloroform 1.4758 1.2470 10.8
£thyl ether 0.711 1.2393 11.6
Dibutyl phthalate 1.0426 1.2445 15.7
Benzene 0.8718 1.2431 18.3
gﬁ:i::’.ﬁo. 1 0.8146 1.2443 19.8
Troluoil 0.7353 1.2u46 20.8
?:::zzhloride 1.5833 1.2450 2.3

Petrolanin ether
(voiling range
30-~60°% C.) 0.628 1.2448 23.2

* Phase A is the liguid of the first column saturated with glycerin;
Phase B is glycerin saturated with the other 1liguid.
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of the tachnicel srade. Also, materials euch as dioxane and acetone

srobebly would have given higher valnes had they been dried.

In general, the materisls are ranked in the same order by
interfacial tension egainst glycerin as they would be agalnst water,
the values for the foymer Deing about half those for the lstter. How-
ever, there are inversions. For example, zcetone and dioxane are niiclble
with water; therafors, they have zero or negative interfascial tensions
azainst water, but nositive values azainst glycerin. In like manner,

glycerin is miscible with the higher alcohols, whereas water is not,

From the results for petroleum ether and bensene, it is seen
that glycerin, like water, has a higher interfacial tension against
aliphrtic than against aromstic hrdrocarbons. ¥Proluoil and Velsicol
Solvent No. ) are netroleum thinners, primarily aliphatic but with a
certain portion of aromatic compounds. The interfaclal tensions of
these twe ml:rents lie betwean those for benzene and petroleum ether,
as might be exnected. This sug ests that an interfacial tension measure~
ment might serve as a rapid method of estimating the aromatic content
of such solvents. It also might be possible to correlate this value
with the dilution ratios ordinsrily used as criteria of tolerance in

lecquer formulation,
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KBCHANISH (7 FPILM FOR-ATION

It mizht be worth while at this noint to give a sumrary of
the conclusions and hynotheses concerning the mechanism of £ilm
forrstion, which hove been Arswn fron the exaerinmental data, as well as
from those of The Institute »f Paper Chemistry (3), Hollabaugh (),

Doolittle (§), and Stewart nnd Hook ().

For the murpose of this discussion, the conting onerstion
nay be divided into two vhmses. The first is the initisl fllr forms-
tion or flooding of Lhe naper; the second is ti:e ~raservation of the

continuity of the filn during drying.

In the first ~hase, it 1s essential thnt t'ie cocting materisl
wet tLe —aper evenly =nd comdletaly, A smooth neper surfrce, small
cont et angle, and low laccuer viseoait)  sre desirrble, Becazuse of the
statieticzl nature of tie sarzy pattern, =t any eet viscosity a certsain
minirnon wedsht of anrayed rieterisl must be exceeded to flond the surfece.
The initizl wet £ilm wiscnsity 1sy be controlled somawhnt by 2 virirtion
of the ssreying conditions nnd the volrstility of the solvent. 'The
nroceas of flooding is essentirlly cormlete in the soraying oneration;

little, if any, spreading occurs alterwvard,

Coincident with snd followingz the initirl film formntion,
forces set to*Jaak vhich thin out end may even brenk the film. The
driving foreces for the changes rre surfrees effects ond decresse in film
volwre, {hese forces rre less effective in liruids with =z high visconity

znd ore nore effective with long drying times, The filre thin ont
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at poiants or projections and thicken in recesses. The film penetrates
the volds of the sheet amd, if sufficiently fluid, it is eventuslly drawn
into the smallest capillaries snd bresks in the large capillaries which
have been depleted in part of thelr liouid content, If good wetting

is maintained, 1t is inconcelvable that, once coated, the lacquer would
completely draw mway from the fibders, whether they be projecting as

fuze or at the boundary of 2 large pors. However, particularly in the
case of fugg, the filme msy be so thin sud wesk thaot they are easily

broken by mechanical action after drring.

Bubbles in the initial film may srise from alr trapped inm
surface volds for rough pesper, or es the result of the splash of impinging
droplats on the vartially foried filus. In sddition, mabbles may be
orodnced in the second phase, if sir is traoped in pockets of the sheet

g8 the lacouer nenetrates.

Por comparadble drving times, » different optimum initial
viscosits 1s to ba exvected for boards of varying norosity and rouzhness;
the lotter is of sscondery interest. With increase in porosity or drying

time, the initial viscosity should also be incroesed.

A low contact angle and high surface tension favor not only
£100ding but also penstration snd later uneveuness. In the abwance
of veriation of these properties in the present stﬁdy. it can only be
anld that zood wetting (small coatact aagle) is essential io flooding;
for corresponding contact anzles, the rate of spreading, drawing away,
and penetration should be proportional to surface tension. Considering

the relntively suall possible range of variation of surface tension, it
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msy be exnected to play a distinctly secondary role as compared with

viscosity, snd & more or less equivalent one to drying time,
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PRACTICAL SIGHIFICANCE

Many of the conclusions of this work have been recognized
consciously or unconsciously and appued in preactice. However, it may
be desirable to review the important factors and some of the methods
which may be used to obtain the objective of & light~weight impervious
film. In general, the ssme remarks apply to the coating of a contaliner

or a flat sheet.

Firat, the diatinction between continuous and iupervious must
be recognized. That is, the comting material must be chosen to fit the

requiremente of resistence in any particulsr use.

Second, the difference in the nr.ture of paper as compered with
wetal or other dense materisl must be considered, ss8 well as the ourpose
of the film. Ordinary painting oractice cetunnot be bodily transposed to

the problem of coating narer to render it impervicus.

It is desirable that the paser be uniform, relatively non-
porous, and smooth, Uniformity with respect to formation and density
sust be controlled on the peier machine. The edseace of shives or
other coarse particles is desiradble. Thelir presence denends upon the
selection and treatment of the stock. Nonuniformity may arise, in the
forming of a container, as the result of scoring, or even bending if
the structurs of the shest is greatly disturbed, In the final
anslysis, the coeting must be sufficiently heavy to seal the most porous

spots.

Low porosity msy be obtained by hydration of the pulp to give

a dense sheet of close structure. Starch treatment or coating may de
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expected to be of value. Calendering, although it may incremse density,

does not seem to he highly effective.

Smoothness may be attained by celendering, but is partily

determined by selection of the stock and »aper machine variables.

The paper surface must he watted by the coating material.
In the case of nonaqueous costing materisls of low or medium viscosity,
good wetting may be expected znd sixzing of the sheet does not aopear to
be of importance. Although this study was not concerned with agqueous
coating materials, wettinz agents or aloohol shiould improve wetting,

in which case siszing would probably be of importance.

It is true that poor wetting reduces penetration, but it also

may be the cause of uncozted areass.

A low surface tension is desirable. In the cass of _lacquors.
this is denendent upon the formulation, particularly of the vehicle.
A small variation would seem to bs possible. In general, for agueous
coatings, surface tension is reduced by the same egents which promote

wetting.

Tor smooth, nonporous paners, a low viscosity of the coating
materisl may be used to advantageto promote the formatlion of e continucus
wot film of low weight. The concentration of the coating materiel

should heve 1ittle effect on the continuity of the final film.

In the case of a more porous paier, a higher viscoslty mast

be employed. A correspondingly heavier wet film must be applied if 1%
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is to be continuove. If the viscosity 1s low enough so that considerabdle
penetration and impregnation ocour, the effeactiveness of the coating

material increases with increase of concentration.

Materials of high viscosity may be applied by using snecial
spraying equinment designed for viscous materials. Heating mey be
enployed to refuce viscosity during s»oraying. Kmulsions in which the

dispersed phase is g lacguer of high viscosity have also been used.

An idesl coating materizl would be one which could be applied
at e fairly low viscosity, but which would nuickly reach = much higher
one. It would be desirable that the high viscosity be reached before

a greet reduction in film volume occurs.

A coating which exhibits a very rapid increase in viscosity
for a small change in concentration would be a step in this direction.
The use of solvents of high volatility, as well as accelerated drying

by air currents or heating, is to be recommended.

The effects of multinle coatings have not been investizated
in this study. However, with materials such as lacquers, lifting
occurs if one coat is applisd over another. That 1s, the second coat
softens the firat, and the two may be said to fuse. If the first cost
is dry, one effect of lifting would be a rapid increasse in the
viscosity of the sesond coat. Thus, 1t is perfectly reasonadle to ex-
pect that two coats may be more effective than one of the smme total |

Wﬁighto
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SUMYARY

The desiradility of a better understanding of the mechanism
of film formation in the proofinz of naper or paperboard by a method

which may be used for finished containers has been mnentionad,

Spray-coating, using nitrocellulose lacquers aslthe coaﬁ}ng

meterial, was alopted for study.

The problem was resolved into the following divisions: (1)
standardisation of spraying conditions; (2) variation of the formulations
and vronerties of the lacquers; (3) measurement of these properties;

(4) a study of sorsy-costing with the lacquers of cellophane, a grease~
proof papar, and three naserboards of different porosities; snd (5)

measuranent of the continulty of the dried films.

An anparatus for ajlying uniform snrared films was developed.
Measurasents of concentration, shecific grevity, viscosity, surfasce
tension, interfaciel tension sgainst both mter and 95 per cent glycerin,
contact ansle sgainst the nzner and boprd esmples, snd changes of thess
areperties with evaporation, os well as the rrte of evaporstion and
evaporstion loss in spraying, were made on the lacquers., The poresity,
roughness, density, snd wettability of the naner and board samples were
determined. The dry films were tested for porosity as a measurs of
continuity, =nd alszo were studied under thg microscsos. A number of

technigues and ajparatus were developed or adanted for the measurements.

Comparison of the physical sropertlies of seven lacquers and

the results of the tests on the dry films showed that viscosity, rate
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of svaporation, snd concentration were the mozt importent lacquer
variables. The differences in the other variables wera too small to
play a largs nart. Por the parer or board samples, porosity was the

nost important property.

A genaral picture of the mechanism in spray—coating was
develaped. ¥or purposes of discussion, the coating operation may de
divided $nto two phasss. The first is the initial film formation or
flooding of the surface; the second is the preservation of the con-

tinuity of the £ilm during drying.

In the first phase, it 13 essential thrt the coating material
wet the paocer evenly and completely. A smooth surface, small contact
angle, and low viscosity are desirable. Little, if any, spreading

ocours after soraying.

Coincident with and followlng the initial film formation,
chanzes taikke place which thin out and may even bresk the film. The
driving forces for the changes are surface effects snd decresse in
film volume. These forces are less sffective in liguids with & high
viscosity and are favored by slow drving. The coating thins out at
points or nrojectiona and thickens in recesses. It ocenetrates the
volds of ths sheet. If sufficlently fluid, it is eventually drawn
into the smaller capillaries and it may break in the larger ones which

are depletsd, in vart, of their lisuid content.

Bubbles 4in the initial film may arise from alr trapored in

surface voids of rough paper, or as the result of the splash of
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impinging droplets on the partially formed films. In addition, dubdles
may be sroduced in the second phase if air is trapped in pocxets of the

shest 28 the lacquer penetrates.

For comnaradle drying times, the optimum initial viscoslty
will vary for boards of differing porosity and roughness. With increase
in porosity or increase in drying time, the initial viscosity should

also be increased.

A low contact angle and high surface tenuionlfavor not only

flooding mt also penetration,

The nractical significance with regard to cholece of Haper snd
coating usterial, as well as techuiques of application, has been dia-

cussed.
A nmber of other observations were made:
Drying time appeared to be proportionsl to film welight.
The lacquers wers found to be dilatant.

It was observed that nitrocellulose in solution is surface

active azainat glyceria.

A relptionship between viscosity and advencing contact angle

was obgerved, but not sxplained.

In testiny the dry films, an air porosity test was found to

correlate well with a turpentine penetration test.



Ths interfacial tensions of fourteen liquids agsinet 95 per

cent glycerin were measured.



COuCLUSIONS

The problem of producing continuous films on paper has been
raesolved into two phases! formation of the wet film, and preservation
of continulty during drying. The properties of both the paper and coat-
ing uaterial must be coasidered. Conclusions concerning £ilm Foruation

are listed below:

1, The porosity of the paper or paperboard is of first im-
portance; roughness is of secondary interest.

2. ¥Yor each paper, depending upon its roughness and porosity,
thers is an optimm viscosity at which flooding just occurs and the
film is maintained during drying.

3. Wetting is necessary for complete coverage, but dces
not present a probdlem for nitrocellulose lacouers.

L. A continuous wet film does not necessarily give a con—
tinuous dry film,

5. The viscosity of the lacquers is of prime importance in
the formation of the film zad its preservation; the first is favored
by low values and the latter by high values. Other lacquer vnriabi;s

ars of secondary importiance.

6. Yor low viscosities in which consideraBle penetration
oceurs, the effectiveness of the lacquers is proportioasl to their con-

centrations.

7. In soraying, dry spray need pressnt no problem if the
lacquers are properly formulated.

8. Bubbles in sorayed films may result from sir trs-ped in
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voids of rough paner and from the splash of impinging spray droplets.
9. Drying time is of considerable importance. Rapid drying
favors the preservation of the film.
10. Drying time i1s proportional to film weight, at least

during the esarly and most important stages.

These conclusions are in agresment with those of other inves~

tigators.

Al though no great differsnces were observed in these lacquers,
surface tension may be expected to be of comparadle importance to drying

time.

No correletion of the interfacisl tensions of the lacouers
against water or glycerin snd their contact angles against the paper

sazples was evident.

Several observations, not relnted to film formation, have

2lu0 been made:

1. The nitrocellulose lacquers were dilstant.

2. Nitrocellulose in the lacquer solvents was found to e
surface active in the interfecial tension measurements azainet zlycerin.

3. A porosity test on the films was correlsted with a turpen—

tine penetrstion test.
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