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ABSTRACT

This investigation is the second in a series
whose purpose 1s to establish a sound basis for formulat-
ing oleoreainous coatings. Varlation in the chemical
type of resin used in the formulations, and the study of
the polymerization and distensibility effects accompanying
these varistions was the basis for the investigation. The
change in polymerization and distensibility in the aging
film was correlated with the durability of the film as
determined by asccelerated weather exposure.

The generalization made in the iInitiel investiga-~
tion regarding the failure of an oleoresinous film when
the polymer content reached a definite velue, was shown to
be in error. The durability of an oleoresinous film is
apparently not only a function of the formation of a three-
dimensionel structure in the film, but must also be consider~

ed as being dependent upon ovher factors not yet known.



INTRODUCT ION



This investigastion is the second in a series
whose purpose is to study oleoresinous film structure
80 as to establish a sound basis for formulating oleo-
resinous coatings. The assumption is made that the
fallure of an oleoresinous film is due to certain con-
ditions present in the film at the time of fallure, and
that these conditions are caused by a change in the
polymer-plasticizer ratio in the film. it is proposed
to study the change in this ratio throughout the life
of the film, and to correlate the change in the polymer
content with the durability of the coating as measured
by the dlstensibility of the flilm.

The term polymer is used to denote that phase
of the film composed of molecules of 0il and resin which
are 8o highly polymerized that they are insoluble in
acetone. The remeinder of the film which is soluble in
acetone, and which imparts flexibility to the film, 1s
considered as plasticlizer. It is asssumed that a minimum
allowable concentration of plasticizer 1s necessary in a
durable film.

Ernst and leQuilkin (1) begen this investigation
on oleoresinous film formulated with bodied linseed oil,
calorized chinawood oil, and congo resin. The present



investlgation 1s an extension of their work to coatings
formilated with these oils and dehydrated castor oil,
and various types of synthetic resins. These resins
include a phenol~formaldehyde resin, an ester gum, an
oil-modified alkyd resin, and a cyclo~paraffine-naphthene
polymer.

ihe experimental procedure developed by krnst
and McQuilkin was continued using certain modifications
indicated by their work.



HISTORICAL



Ernst and MeQuilkin (1) investigated the changes
taking place in the polymer-plasticizer ratio of oleo=
resinous films formulated with bodied linseed o0il and
conge resin, and with celorized chinawood oll and congo
resin, after successive periods of aeging. They measured |
the distensibllity of these films, and showed that fallure
occurred when the polymer content reached 70-80 per cent,
end when the distensibility of the films was less than
one per cent. From these observations, they concluded <that
during the life of an oleoresinous film, a complicated net-
work of three-dimensionsl o1l and resin molecules is form-
ed, and that the forméation of this network graduslly de~
creases ithe elastlcity of the film until failure occurs.
They elso observed thet the polymerization rates of oleo- .
resinous films could be determined by extracting films of
the baslic materisls provided that these materials are not
reactive,

Various other investligatars have studied the
mechanism of the formation and deterloration of oleoresi-
nous films. Overholt and Eilm (2) exposed simple methyl
esters of unsaturated fatty aclds to ultra=-violet light
for various lengths of tiume gnd analyzed the resulting
films to determine the progress of oxidation snd poly-
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merization. 1hey used cryoscopic molecular weight
determinations and viscoslity messurements to study the
rete of polymerization of the films, but were unable to
correlate the resulis obtained by the two methods., In
later studies (3,4) with glycol and glycerol esters of
the unsaturated fatly acids, they observed that the rate
of polymerizetion is greater in the earliecr stages of
drying with these esters than 1t igiin the case of the
more simple esters.

Long and McCarter (5) investigated the aging
of pure trilinoleic and trilinolenic glycerides, and
concluded that drying of these esters was principally a
matter of colloidal association of highemolecular parti-
cles. They showed that tue separatlon of plastiolser
from polymer in a dried film may be accomplished by ex-
traction wlth acetone.

Bradley and Pfann (6) studied the heat-bodying
of 0lls and concluded that both intermolecular and intra-
molecular reactlons proceed, and pértial thermal de-
compoaition of the esters also occurs, iThey separated
the insaluble phase of an oil gel from 1ts adsorbed soluble
phase, and by analytical methods showed that the insoluble
phese consisted of a highly polymerized materlal composing
70 per ocent of the weight of the gel.



Rose and Belley (7) divlded linseed films
into three components, liquid, adsorbed llquld, and solid.
They asserted that the physical nature of the film is
dependent ochiefly upon the relative proportlions in which
the components exist in the film, Linolenie glycerides
and linseed oil films were aged and extracted with acetone.
It was found that the concentration of the solid phase
inoreased and the concentration of the liquid phase dee
creased as aging progressed. The unpolymerized and une
associated liquid which was not edsorbed was removed by
extraction, but the adsorbed liquld was probably only
partislly removed.

Shuey (8) studied the influence of resins on the
heat«bodying of varnish oils. From his experiments he
concluded that the course of change during the heate
bodying of oils 1is greatly influenced by the presence of
resins, and he classified resins into three groups dependw
ing upon their reasctivity. Group one included heat -
hardensble resins which so exceed the oil in polymeriza-
tion rate that too great a body 1s obtalned before -the oil
component of the varnish has attained any apprecisble
degree of polymerization. Group two included non=heat-
hardenable resins which body at approximately the same
rate as the olle Group three included the resins which
exerclse a retarding influence on the polymerization of



the oil. Shuey observed thet resins seldem form true
solutlons 1n olls, and that colloidal effects often
overshadow chemical reaction effects.



THEOREBETICAL



The mechanism of drying of the unsaturated olls
is generally agreed to e a combination of oxidatlon and
polymerization or assoclation of the oil molecules to form
a solld, partlally insoluble film.

orrell end Marks (9) postulate that the oxidg-
tion of the drying oils passes through a poroxide formae
tion to the ketone and aldehyde and finally to the hydroxyl
linkages, the unsaturated bonds of the oils being the im-
portant factors in the oxidation. Long's (10) studies on
the oxygen absorption of trilinolenic glycerldes led him
to stale that drying is e colloldal assoclatlion process.
He neglects double-~bond-polymerization in favor of a two-
atage drying process. In the first stage, oxygen 1is
rapldly absorbed forming polar molecules, the polar bonds
then associating over a longer period of time to give a
solld, insoluble phese, and an adsorbed liquid phase.

Kienle (11) snd Carothers (12) observed that
polymerigation is the ordinary reaction of organiec chemistry
which proceed in multiple fashion because of the nultiplie
city of reactive or functional groups present in the
structure of the polymeriszing substence. 1hey postulated
that the mumber of reactive groups determines the formation
of a twoe~dimensional linesar or a tihree-dimensional (cross-
linked) polymer. fThis theory considers linear polymers as
soluble and fusible, and cross-linked polymers as insoluble



and infusible.

Bradley (13) extandéd this genersl polymerization
theory and applied 1t to the drying of unsaturated oils
and resins. He stated that the molecules of the soluble
olls and resins have linenr, two-dimensional structures,
which on drylng are converted to the three~dimensional
structures. ‘the main requirement of drying 1s therefore
not the ability to oxidize but the possession of a molecule
with sufficient reactive centers to permit unrestricted
growth. DBradley showed that the drying olls rmst be form-
ed from trihydric alcohols in order that a three-dimension-
a8l structure be formad.' |

In collaborstion with Pfann, Bradley (6) investi-
aged an olil gel formed by overbodylng a mixture of oiticice
end sardine oils. The gel consisted of a solld, insoluble
phase amounting to 70 per cent of the gel, apd a soluble ,
liguid phase. Analysis of the insoluble phase showed that
the molecular weilght exceeded the theoretlical limit for a
purely intermolecular addition of triglyceride esters.
From this Bradley concluded that intramolecular additions
mist also have occurred, which wouid inveolve ring closures
of the triglyceride polymers.

The polymerizatlion of resins 1s analogous to the
reactions taklng place in the polymerization of the drying
oila. Kilenle (14) concluded from his observations that



organic compounds of high molecular weight are formed only
when the interacting molecules are polyfunctlonal. The
interlinking of the molecules proceeds according to the
chance contact of any two individuel reactive points, and
the relative sizes and shapes of the reacting molecules
and the position of the remctling points largely determine
the physical properties of the resulting polymere.

Ernst and MoQuilkin (1) applied these principles
to the aging of oleoresinous films. They conslidered the
film es a complex lattlce~work of three-dimensionsl oil
and resin molecules intermolecularly and iniramolecularly
connected and serving as a potentlal framework for the
monomeric and dimeric molecules which are still present in
the low-polymerized liquild phase. As the aging of the
film continues, the lattice~work becomes more complicated
with these interwoven fibre~like molecules, and the amount
of insoluble polymer increases. Thus they reasoned that
the rate of polymerization is higher during the early life
of the film since more functional groups are present and
the chances of contact between these groups are greater,

krnst and MoQuilkin considered the distensibility
of the £ilm es a function of the extent to which polymeriza~
tion has progressed. 4 Iresh £ilm contains only a small
per cent of highly polymerized maeterial, end rigid net-
work of polymer has not been developed. Thus the film 1s
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highly elastlic in the early stages of drying. After aging
has progressed further, the lattlce~work of highly-polymerized
molecules has been bullt up and the film is less elastic.
When a complex network of polymer is present, the £ilm is
no longer able to withstand atress and fallure occurs.

On the basis of this theory, the polymer content
of all films at the point of fallure would be approximately
equal or within a limited raenge. Deviations from the end
point would be caused by differences in the type of materisls

used and by varying the proportions in which the oil and resin
exlist in the film. )



Raw MATERIALS



The materials seleoted for the preparation of
the vernishes used in this investligation were typical
drying oils and several synthetlic resins chosen particu-
lerly because of their variation in oll reactivity and
chemical type. The oils were Z~3 bodled linseed oll,
calorized ADM #50 ohinawood oil, and dehydrated castor
oil (Synthenol). The resins chosed were ester gum, a
phenol-formaldehyds resin (Bakelike #254), a cyclo=
paraffin-naphthene polymer (Nevillite #2), end an oil
modified glycerol phthasleste. Each 0oll wes cooked wlth
each resin in 16, 25, and 33 gallon lengths, with two
exceptionss The 16 gallon combination of dehydrated
castor oll and glycerol phthalate did not produce a
varnish that was representetive of the class, and the
chinawood oll=modified glycerol phthalate varnishes were
not precticadle,

The varnish formulsetions, except for the Bakelite
finishes, were thinned with mineral spirits. Xylol was
used in the Bakellte varnishes because of the Incompati-
bilty of this resin and mineral spirits.

Regular liquid Nuodex lead, manganese, and
cobalt driers were added to the vernish formulatlons on
the basis of 0.3 lead, 0.02% mangenese, and 0.015% cobalt.
The o0il content of the varnishes was the base for the
drier addition.

The varnish formulaetlons are shown completely in

Table I.



Sample

TER
TES
TNL
TNR
TN3
¥B1
B2
B3
DEL

DNl
DN2
DN3

Disl,
B2

TABLE I

Formuletion of Vernish Semples

01l Resin
Lingead Esteg Gum
" "
d Hevillite #2
lf "
i "
3 Glycerol Pothalate
3 "
g Bakﬁlige #254
" "
Ghlngupo Esteﬁ Gum
" "
u Nevillite #2
ﬁ ]
B "
g Bakeuge #254
" v
cagtor Esteg Gun
4 "
n Nevillite #2
t_l ]
" "
3 Glycerol P%thalate
: Bakellte #254
w "

?

Thinner % Solids

Minerel Spirits

&

BWrhd B, 2,2,/ |2 2

Q
et

Mineral.Spirits

&

|- -3 IR FE-FE- ¥E-- I

Minersl.Spirits

&
S

NE 31 - 73 32 T 7% FL -

46.8
80.1
503
49,8
50,0
50.8
4540
7443

12



EXPERIMENTAL APPARATUS



The apperatus required in this investigation
consisted chiefly of an extraction battery, a dlstensi
bility tester, and an accelerated westhering unit., Other
equipment included doctor blades for casting films, and
panels upon which the films were cast.

FIIM CASTERS AND rANELS.

The sample films for the investigation were cast
on tin~coated panels with a doctor-blade having a spacing
of 0.008 inches. The penels were five by ten inches in
size and of #31 gmuge thickness (See Figs 1)

ACCELERATRD WEAYHERING UNIT.

Raplid weathering of the varnish films was secured
by means of an Everready Accelerated Weathering Unit iModel
X~1, mamufactured by the National Cerbon Company. The unit
is bullt in the form of a cylindrical, copper-coated,
vertical skeel sheil,vinsiae of which a penel rack is
placed. ibls rack, which hes a carrying capacity of sixtyé
four three and a half by ten inch panels, rotates once in
two hours.

The weathering effect of rain 1s simuleted in the
unlt by a fine water spray which is directed against the
panels. Ultra-violet radiation is produced by two carbon

ares which operaste alternately for a continuous ten’hour
period. The combination of the heat and the radiation

from the are, and the low temperature and water from the

13



Fige 1.

Casting Film on Tin Panel with

Doctor Blade.
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spray effect weathering by repid temperature change and a
breakdown of the film material.

A photograph of the weathering unlit is shown on
peage 16.

REPRIGERAT ING CABINLT.

, A refrigerating cabinet was operated in conjune-
tion with the weathering unit to produce the wegtharing
offect of extreme low temperature on the varnish films.

The cabinet was cooled by means of the expansion of ammonia
in coils,
MICROMETIR .

The thickness of the free varnlish films was measur-
ed with a Randall and Stickney platform mierometer (Fig. 3).
ihe mleromster is graduated in thousandths of an inch and
readings cen be interpolated to ten-thousandths of an inch.
DISTENSISILITY TESTLHR.

The Scott Distensibility Tester Model X-5 (Fig. 4)
was used to determine the per cent elongatlon and the tensile
strength of the films. The film sample was held between
two clamps; the lower olamp being connected to a drive
mechanism which produced a constant speed of pull of two
inches per minute, and the upper clemp being balanced by
woights which actuated a load recording pointer and dial,
The elongation of the film was obtained by subtracting the
initiel length of the film sample (measured between the
clamps) from the distance between the clamps et the breaking
point of the film,.



lﬂigo 2a

Accelerated Weathering Unit.
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Fiuc Se

Micrometer for Measuring Film

Thickness.
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Tensile Tester Used for Determin-

ing Per Cent Elongation of Fillms.
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CONSTANT HUMIDITY CABINET.

The constant-temperature, constant-humidity
cabinet (IFigs H) consists of an insulated box mainteined
at & temperature of 70°F, and 50-54 per cent relative
humidity. The temperature was controlled by a thermo=-
statically operated heating unit of two 75-watt light
bulba, and a cooling coil through which cold water was
circulated, The humidity was sdjusted by means of a
saturated solutlon of magnessium nitrate heptehydrate as
suggested by Gardner (15).

EXTRACTION BATTLRY.

The extraction of the varnish films was cerried
out in a battery of five units, each unit containing
twelve Sohxlet extraction assemblies (Fig. 6). The units
were constructed in the form of rectangular wooden boxes
lined with asbestos paper, and fitled with removable
lids in which were cut holes to receive the extraction
flasks. Cylindrical metal reflectors were pleced around
the flasks to direct the heat from the light bulbs
which formed the heating element. Cooling water for the
Sohxlet condensers were supplled through an iron pipe
menifold running the length of the unit.

Each Sohxlet extraction assembly consisted of a
400»ml . flask, a siphon cup, an extraction thimble, and
& condenser cap. The siphon cup contalning the extrace

19

tion thimble was suspended by fine wires from the condenser

cap which rested on the neck of the flask.
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Extraction Unit for Determining

Flg. 6.

Polymer Content.



EXPERIMENTAL PROCEDTURE
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PREPARATION OF SAMPLES.

The varnishes included in this investigation were
compounded from the materials selected by cooking each oil
wlth each resin and thinning with the proper solvent. The
16 and 335 gallon oll length vernishes were cooked individual~
ly, and the 25 gallon oil length varnlishes were prepared by
blending these two lengths in theareqnired proportionse.

The cooking procedure for the different varnishes
varied considerably because of the differences in the oll
reactivities of the resins and the rates of bodying of the
olls. In general, ihe procedure consisted in heating the
0il or a combination of the o0il and resin to a specified
temperature, holding at this temperature for some tiue to
increase the viscosity or "body® of the solution, and then
edding wore resin until sll has been added and the deslred
"pody” attained. The solution was then cooled to approxie
mately 350°F, thinned with the required smount of solvent,
and filtered.

A complete cookling schedule is given in Table II.
CASTING OF FILHS.

ihe films prepared for investigation were cast with
a Goctor blade on tinecoated panels placed upon g plate~glass
surface. The doctor blade had a clearance of 0.008 inches,
and the dried film was approximately 0.002 to 0,003 inches
in thickmess, ithe variation being attributable to the
differences in the solid content and viscositlea of the
varnishes.



TABLE II
COOKING SCHEDULE FOR PREPARATION OF VARNISH SAMPLES

Sample Proportion Minutes Holding Minutes Proportion Minutes Proporti on

Resin Added to reach  Temp. Held at Resin Added Held at Resin Added
Initially Temp. Temp. Secondarily Temp. Fimally
LE1 0 45 S59C°F 40 1/2 100 1/2 *
LE3 o 50 S90° ¥ 35 1/4 30 1/2*
LNl 0 35 600°F 35 1 *
LN3 0 35 580°F 15 1 *
LBl 1 35 550°F 30
LB3 1 35 550°F 50
TEl 45 580°F 110 i *
TE 50 590° ¢ 55 *
TNL 0 30 580°F 10 1 *
TN3 0 40 580° F 10 1 0*
TB1 1 40 S00°¥® 30
TB3 1 30 500°F 30
DE1 0] 45 580°F 20 65 1/2%
DE3 0 40 580° F 20 20 1/2*
DN1 ¢] 45 580°F 15 1l 15-460°F
DN3 0 35 580°F 20 1 20-480°F
DBl 1 40 520°F 10
DB3 1 40 520°F 50

Note: * Indicates that the mixture was heated to soluti on of the resin.



WEATHLRING . 24
The films were allowed to dry in alr for three
days after casting. They were then placed in the
accelerated weathering unit and exposed to the actlon
of ultra=-violet radiation, water spray, and refrigeration.
The various weathering steges of the unit were united in
different combinstions to give s complete weathering action
which sttempied to approximsete actuel weathering conditions.
4 twenty-four hour cycle, based upon one developed by the
Commonwealth kdison Compeny of Chlcago, was adopted.
This eycle is given below:

Weathering Conditions Cabinet Temperature Time
Heat, light and water spray 40°¢C 4 hours
Heat and light 65°C 4% hours
Heat, light and water spray 40°¢C 4 hours
Water spray 20°C 2 hours
Rest period Room 6 hours
Refrigeration period -20°C 1 hour
Examination of panels Room 2% hours

EXAMINAL ION OF PANELS.

After the refrigeration portion of the weathering
cycle, the films were examined for eracklng, peeling, check-
ing and other types of failure.



STRIPPING AND HUMIDIFICATION OF PILMS.

After removal from the accelerated weathering
unit, each panel was allowed to rest for one day prior to
the stripping of the film. It was then inclined at an
angle of approximetely fifteen degrees with the horirzontel,
and a drop of mercury placed at the upper edge of the film,
The panel remsined in this position overnight, during which
time the tin surface under the fillm was amalgamated with
mercury. On the following dsy the edges of the film were
trimmed with a razor blede and the fllm was lifted free of
the pansle The film was then suspended in the constante
temperature, constant-humidity cabinet aend left there for
three days to reach equilibrium conditions.

DISTENSIBILITY THBSTING.

Two strips measuring one by six inches were cut
from each film after removal from the humidity cabinet.
The strips were cut with a razor blade, using a flat steel
bar as a pattern. The thickness of these strips was
measured by means of a micrometer,

The sanmple strip was then clamped in the testing
machine and & load applieds The elongation of the film
and the load required to break it were recorded, =nd from
these measurements the per cent elongation and the tenslile

strength of Uhe film were determined.

25



EXTRACTION.

26

The polymer content of the aged film was determined

by extracting the film with acetone and considering the ine
soluble portion as polymer,.

4 double thickness Whatman extraction thimble in
wnich was folded & double thickness of #30 Whatman filter
peper was extracted with acetone for one day, dried at 105~
110°C, and weighed. The weighings were performed in a
large welghing bottle on an analytical belance, The film
sample was cul into small pleces and approximately one gram
was placed in the thimble. The thimble was agaln dried,
and welghed, the weight of the sample beling obtained by
differences The thimble was then pleced in the extraction
battery, and extracted for approximately two weeks to
constant welght. Two blank thimbles were extracted with
each ten samples to minimize errors resulting from slight
changes in the weight of the thimble itselfs The loss in
welght of the sample was obtalned by difference, and the
per cent of insoluble polymer remesining wes calculated.



Datla AND RESULTS
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Values for the per cent unextractable and the
pexr cent elongation of the varnish films after successive
perlods of aging ere shown in tables I1I~-VI. The data
from these tables are plotted in figure 7-38, the curves
showing the relation between the per cent unextractable
and the age in cycles, and the relution between the per cent
unextractable and the per cent elongation of the film,

It was impossible because of mechanical
difficulties to ohtain distensibility measurcments on
films which were aged sufficlently to become brittle.
Therefore, no valusa for per cent elongation were obtelned
less than 0.7. It is reasonable to assuume in view of the
trend of the other messurements, that the elongation of a
film reduces to a very low velue at high polymer content,
and therefore, the curves plotting the per cent unextracte
able agalinst the per cent elongation have been extrapolated
to zero per cent elongation and one hundred per cent polymer
content. The broken lines of the curves show the extrae
polated datae

In eging the varnish fllms, the cycles at which
visuael failure occurred were noted. Irom the curves,
filgures 7=-38, the values of the per cent unextractable at
these cycles were agpproximately determined. These data

are shown in ‘teble VII,



Sample

DB2

TABLE IIX

PERCLNT UNEXTRACTABLE IN AGLD VARNISH FILMS

5248
67 «6
6441
4442
S5 o8
60 49
8540
80,0

7845
8346
THe2
4544
5y )
6leo
4043

5@.0
8l 45
80,0
8046
68.0
605
€67.6
42 o6
51.0
5540
84,0
91.0
918
69.5
77.8

Age in Cycles
2 4
6042 6145
6204 717
6740 577
5243 37.0
577 6045
6345 54.9
8340 57.0
8346 7146
85.9 7846
8849 84,4
85.1 809
8645 75
63540 6945
714 7048
7640 7046
57«2 47 .8
6569 6247
63+6 678
89.1 7046
8840 7«5
B4 46 B2 eS
67«5 7146
T5ed 76.6
8040 T2e9
612 52.7
TS 2 68435
4949 6549
8842 84.0
8943 86.8
89«0 8740
84.1 85.2
86«6 T7.8

(¢

T -

7042
736
8l «6
6467
66,0
85.0
8446
85,0
83,2
91.2
9246
6267
706
T4ded
bl +4
62¢4
6641
8548
8540
8863
70,8

T 6949

7646
6749
68.6
T2
87«4
91«3

9249
89.2

6244
6948
6945

55.4

69+l
7846
7949
20.,0
8840
84.8
6446
80.0
8540
4844
69,0
71.0
7647
7646
80,49
80.4
82«8
8941
66,0
T34
6849
915
Glel
86 46

90.1

10

70.3
6367
80,7
80.2
81l.8
8045
.3
70,0
761
T75
T243
767
8l.5
80.2
8440
38.4
7944
52485
54.1
616
6445
36
91.0
B6.6
7545
70.0



TABLE IV

CHECKS ON PERCENT UNEXTRACTABLE IN AGED VARNISH FILMS

Sample

LBl
B2
LES
LNl
IR2
NS
1Bl

0

47,0
54,1
501
47,7
45,5
64,0
818
791
8245
913
75.0
80.4
B2e2
69,8
7445

S kot ol

90,2
027
913

-

W P

Age 1in Cycles
2 4 6
66.9 - 6l.5
73.6 T3 .8 69,0
61.4 5544 -
6445 6840 57.8
67.9 69, 66,0
8040 8442 7646
84.4 83.6 8l1.0
8746 84.7 84.,0
- 90,6 85,7
- 9l.1 84.6
- asteabadend 61 .0
77.4 80.1 T7.5
8360 85.6 83.4
86,6 B 8345
S— P 73.8
-y oy - ?6 .0
74,7 80,8 73.4
81.0 ———— 6440
91.6 8549 -
87.7 9145 -

8

- sow

W

71.2
51.8
6241
66 43
7548
B8l.7
8240
B82.5
69.9
72.1

Lo At g
- -0

8249
8540
8745
69.0
7246
75.2
66,3
7.5

- .-
- -
.-

778

L L L 2

10

A 0
-~

743

- .

713

29



TaBLE ¥V

PERCLNT ELONGATION OF AGED VARNISH FILMS

Sample Age in Cycles

0 2 4 6 8 10
LEL it g -—— - ——
m 54'4 103 0.7 2‘6 L -
LNZ2 945 1.5 1.0 1S
LNS 0643 407 la3 1.6 240 -
182 9840 645 4.2 4482 2el 4,1
LBS B84.2 1l.7 Be7 44S Jeb 246
Lal 99,5 846 642 Seb 57 Del
LAZ 57,0 4601 59,9 5201 1245 240
LAS 4543 67.1 T2.1 8.3 2943 65
Tm ity [ . - - -
T2 2546 Q.8 l.2 0.7 Qed -
TES 5600 245 1.8 0.7 led -
THNL et le2 2e7 -
IN2 291 1.7 1.7 1.6 1.2 -
Tm 6266 204 107 l‘? 108 102
WBl L ey 1.3 - 1eb 140 1.6
82 4l.1 445 Seb 4.2 25 2.7
B3 6645 76 S5 2R de2 el
DEL Tl 1.6 1.6 -
Di2 9947 Jel 2486 2el 1.2 -
DES 9540 9.1 4.1 28 1.5 1.6
DNl 89,8 1.6 247 0.8 - -
DN2 96,46 Sed 240 146 2.4 2.0
DNS 8347 0546 3345 2e4 4,7 1.8
DBl St 340 Se6 4.0 Sed 242
DB2 92.0 13.8 446 8.4 Ged 2.0
DBd 74,0 1745 649 9.7 6.0 4,2
DAZ2 6240 71.9 6845 45,8 762 Sel
DAS Wi 68,49 69 ¢S 4746 1543 3.6

%%% Indlcates thet the film was too plastic to pull.

=== JIndicates that the film was too brittle to pull or
was cracked,



TABLE VI
CHECKS ON ELONGATION OF AGED VARNISH FILMS

Sample - Age in Cyocles

) e ' 4 6 8 10
m Sttt - -
LES D42
LES 990 IS 1.0 1.0
m Hedodids - Pro—
INg 8640 1ed 1.4 -
NS 544 Sel 93 - 2.1 -
1Bl $idiinit o oy Te9 - ——— ———
iB2 9746 4.2 o Ded ST 247
IBd 9945 Sed 10.5 177 745 Oed
LAl 5642 67
LAZ 59.6 6048 DG.4 Ded
LaS 41,0 48,9 44,2 177
TEL —
TR2 -
TES bel 1.5
THL -
TR2 - 18
TNS , 6sl
IBlL  #eww e - 2e7 1.8 Lad
B2 5846 6.7 101 5s4d 248
B3 7548 2341 640 Ge
DE1 7.2 1.0 1.2
DE2 Se6 245
DES 9740 1546 47.4 194 Sed 1.8
DH1 204 -
aNe - Sel 1.8
DNS 6149 Ole7 Deb
DBl 12.8 4,9 e

B2 98.8 2240

DBS 69el o441 4240

DAZ 49.7 5l.4 26,7
SAS 578 w19

e Indicates that the film was too plastic to pull.
~==~ Indicates that the £ilm was too britile to pull.



TABLE VII

PERCLNT UNGXTRACTABLE IN VARWISH FILMS AT FAILURE

Sample % Unextractable
Lzl 61
&2 69
LES 70
L 62
iNg 62
LS 68 .
1Bl 85
1B 856
B3 88
LAl 91
Laz2 a9l
L&d 93
TE1 635
TE2 72
TES 77
TB1 | 83
B2 87
TB3 86
THL 51
TN2 68
TNS 75
DEL 75
DE2 80
DES 82
DNl 66
DN2 74
DN3 72
DBl 92
B2 91
DBS 88
Daz 85

DAS o1
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INTERPRETATION OF DATA



A atudy of the curves, figure 7-38, shows that
the polymer content of the vernish films increases with
age untll it reaches an almost constant value. The rate
of polymerization is more rapid during the early life of
the film and approaches zero as aging progresses to the
point of failure.

The most notlcesble feature indicated by these
curves is the effect on the polymer content of changing
the resin type. When considering films formulated with
the same oil, and of comparable oil length and age, the
polymer content is lowest in the case of the Nevillite
resin varnishes, Ester gum films are somewhat higher in
polymer content, and the oll-reactive resins, sakellte and
glycerol phthalate, produce films which are of much higher
and approximately equal polymer content. <*hls phenomenon
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is 1n keeping with the known fact that Bakelite and glycerol

phthalate resins increase the rate of heatebodying of oils
while ester gum retards bodying. When cooking the
Nevillilte varnishes, it was noted that this resin exhibit-
ed a retarding efiect upon the bodying of the oils to an
extent equal to or greater than did ester gum.

Varnishes formhlated with the same resin but with
different oils show a simllar variation in the polymer
content of their films at corresponding oil lengths and
8568, In general, the linseed oil varnishes produced
films which were lower in polymer content than chinawood
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oil films, whlle similar castor oil films showed the
highest polymer content. This verlation in polymer content
is comparavle to the rates of heat-bodying of the oils.
Dehydrated castor oil bodies faster than does calorized
chinawood oil, while linseed oll Dbodles at a rate slower
than eilther of the others,

Variastion in the o1l length of the varnishes pro-
duced an effect upon the polymer content similar to change
in the resin type. 4t the point of film fallure, the
polymer content varied considerably with the oll length
in the case of the Nevillite and ester gum vmrnishes, and
to a mach lesser extent in the case of ithe Bakellte and
glycerol phthalate varnishes. This is attributable to
the reactivlity between the resins and the olls, The re-
tarding effect of the Nevillite end ester gum resins was
considerable in the shorter oil length varnlshes, but was
not so notlceable in the longer oil lengths, since the
concentration of the re¢sin was greatly diminished. Howe
ever, since Bakellie and glycerol phthalate enhance the
polymerization of drying oils, the shorter oil length
films were nearly equal in polymer content to the longer
oil length films, end in the case of the Bakelite-castor
oll films, the 16 gallion film had a higher polymer content
at fallure than dld the 33 gallon film. This condition
might have been due to the high resin concentration, and
consequently, the acceleration of polymerization, in the
lﬁ}gallon varnish, but since the difference 1s within the
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1imit of experimental error, it would not be proper to

accept this surmise as factual.

The evidence presented by figures 7-38 and Teble
VII eppears to reject the theory that ithe fallure of an
eleoresinous film occurs when the polymer content of the
film resches a definite value. ‘The rangé in polymer con=
tent at failure (92 per cent for the 16 gallon castor-oil-
Bekelite varnlsh to 52 per cent for the 16 gsllon linseed
oll-Nevillite varnish) is too great to conceive of experi-
mental error as the cause, If the theory proposing fallure
due to the formation of three~dimensional polymer is to be
held at all, it appaerently must be modiflied to include pro-
vislion for the type of polymer oceurring..

There 1is good reason to believe that different
types of highly polymerized molecules are formed when &
reactive resin is cooked with a drying oil, and when a nonw
reactive resin is cooked with the same drying oil. Aceaidu
ing to Bradley (13), the cross-linked or three-dimensional
molecule is insoluble in ordinary solvenits such as acetone,
and the linear, two-dimensional molecule 1s soluble. In
the case of the Nevlillite and ester gum vaernishes, a large
percentage of the soluble, linear film materisl 1s present
at fallure. However, the linear f£ilm materisl, while still
soluble, 1s apparently rigid enough so that £ilm fallure
occurs when the total of three~dimensional and two-dimensionsal
film material vecomes sufficlently great. 1nls assﬁmption

must e made in order to retain the idea that fallure 1is



caused by the formation of a rigid molecular structure.

& study of the distensibllity data for the films
formulated from Bakelite lead to the conclusion that this
property is not an accurate guide to the durabllity of an
oleoresinous film. The per cent elongetion of many of
the Bakellte films was so low that it was impossible to
atrip the free film from the smelgamated tin panel. Other
films having high tenslle strength would break under the
distensibility test without recording any elongation.

All these fllms were very duradle and showed no sign of
faillure efter ten cycles in the accelerated weathering unit,.
However, films formulated from other resinous material showe
ed visual fallure at elongations which could be measured,
and which were higher than the elongatlons of the durable
Bakellke films.



CONCLUSION
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the 1nvestigation of the structure of oleow
resinous films by studying the distensibllity and une
extractavle properties of these flilms has led to the followe
ing conclusions?

(1) The theory that fallure of an oleoresinous
£ilm 1s caused by the formation of a definite amount of
three-dimensional polymer in the film does not apply to
all types of oleorcsinous combinations.

{2) Films produced by vernishes formulated with
oll=reactive resins contain a large amount of thrceee
dimensional polymer while still comparatively fresh,
although {ilms prepared from varnishes formulated with
non-reuactive resins or resins which retard polymeriza-
tion stlill contain a large amount of two-dlmensional
film material at fallure.

(3) If film failure is caused by the presence of
a rigid wmolecular structure in the film, linear as well as
cross~linked molecules contribute to ihe rigldity of the
structure.

(4) Distensibility of an oleoresinous fillm as
measured by mechanical methods is not a proper indication
of the durability of the film,



LITERATURE CITED



(1)

(=)
(4)

(6)
(7)
(8)

(19)
(1)
(1)
(1¢)

(14)
(15)

70

rnst, n.L., and kadllhin, Febiay Aume Paint Jour,,

uvernult, Jels, and Llum, s.C., Ind, Eng. Cheu.,
o w’ aﬁ75~bb, (l-)‘:*u)

ibid, <&, lé48-51, (1lu4U)
ibid, ©3, 650-80, (lu4l)

Long, J.0., and wcCarter, ..b.iles, Ind. ing. Chem,,
LB, 766, (19%1)

Bradley, T.F., and Pfann, H.F., 1bid, &x, Goa-27, (13-0)
Kose, C.ile, and Bolley, D.8., ibid, <&, 115, (1028)
Shuey, heCe., ibid, &x, 2 1-50, (1440)

dorrell, li.8.,, and Karks, 8., J. 011 Colour Chem, Asscc,,
le, lt4=x0n, (lusy)

LOng J.Q.. ﬂi 1n903, 11.11.’ c.nd Btsjl GQLC, II)@. T"X,Ilg. Cheifi.,
25, 1086, (1oo8)

Kienle, h.H., ibid, <5, 971, (1usd)

Carothers, w.il., and arvin, J,A., J. Am. Chen, A:80C.,
51, -560, (lox9)

Bradley, 1.F,, Ind. ing. Cuem., o4, 440=-ab, (L1se7)
Kienle, heide, Paint Tech., 1, low, (los6)

Gardner, H.A.,, "Physicel and Chemical pxawination of
Palnts, Varnishes, Lac.uers, and Culours®, pkars 94

and ¥9, Institute of Paint wnd Vurnisi heseurch,
N «S:hinﬁyt()n, »’o{:" Ki'.J\.Ju)



71

ACKNOWLEDGHMLNES

The author wishes to thank the Federation of
Paint and Varnish Production Men's Clubs for the grant
that made this investigation possible.

He wants also to express his appreciation to
Mr. Otto J. Miletl, Dr. J. 5. Long, and Nr. Henry L.
Beakes, members of the Ioulsville Production Club, who
served as & local committee on research for the Federa=
tion and supervised this problem, to Mr, Glenn R. kudaley,
who asslisted 1n this investigstion, to Mr., Arthur He
Kinsella, who assisted in the preparation of the varnishes,
and to the followlng companies for thelr donation of

materials:

Charles Re Long, Jr. Compeny, louisville
DeVoe and Reynolds Company, Inc., Louisville
Kentucky Color & Chemical Company, Loulaville



V1iia

#illlau Herman Lubbers was born in Louisville,
Kentucky, on July 17, 1.3, the son of willlaw Lubbers
and Mhose Jansen. He recelved nis primary education in the
purochial schools of Loulsville, and his secondiary edacation
at wt., Xavier High School, Louisville, He enter~d the {peed
Scientific Schoul of the University of Louisville in Jeptember,
19é6, and completed four y~urs of under-graduate work, receiv-
ing the degree cof Bacheicr of Chemical ingine ring in June,
1v40. de received the degroe of Laester of Chemicul Enginesr=-
ing in June, lu4dc.

ir. Lubbers was awurded the Federation of Paint and
Varnish Production iens' Clubs Ferlowshlp wt the University
of Louisville for the year 1u40-41, ond unen comnletion of
nis acaoemic work was ewcsloyed by The Texes Cowmpany in Port
Arthur, T2xus.

e was a wember of the University of Loulsville

Student Chapter of the amoricen Instituate of Cheuwdcerl Fnginroers

apd was secretary of the orgenization for the yrur 1u33-490,

€

H



	A study of oleoresinous film structure.
	Recommended Citation

	tmp.1439238896.pdf.6jCwW

