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THE EFFECT OF HEAT ON THE RESISTANCE OF VARNISH.

INTRODUCTION.
* % %

Varnish and its use has been known since an-
cient times. Altho the knowledge of varnish has been
atbributed to the Japanese as early as 500-600 B.C.,
Pgchirsch and &,D,%tevens say that the Japs did not
possess this art originally, but that they probably
acquired it from the continent during the third cen-
turyf' Nevertheless, varnish did not come into genersl
use until the middle ages. In the 1l2th century, &
monk by the name of Theophilus published the first dai-
rections for making an'oil varmish, but it was not un-
til 1790 in England, and between 1820 and 1830 in
France and Yermany, thet a factory was established for
the commercial productionooi varnish? ,

In generel, a varnish msy be defined as a hom-
ogeneous, sticky, viscous solution of resins, of a col~
loidal nature, vhich when applied to a2 surface in a
thin coat, dries to a hard, smooth, glossy surface. The
coior of varnish varies considerably, depending on the
grade and on its use; Psle varniéheslare generally

sought, yet there are many dark varmishes of excellent
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’ quality. <The following scale gives an idea of the degree
0f color of varnish.

& solution of 0.25¢g Kapqmo in 100g pure concentrated

H, SO is equivalent to & very light varnish.

A solution of 2,00g K,Cr, 0, in 100g pure concentrated
HaSO is equivalent to a medium vamish.

& solution of 4.,00g K,Cr, 0,1s 100g pure concentrated
H Sqfis equivalent to a rk varnish.

Varnishes may be divided into two main claéses,
accarding to the manner in which the film dries. The
varnishes of the first class, which is the largest amd
most importent, are known a&s 01l varmishes. These var-
nishes dry mainly by the oxidation of the 0il, which
forms a tough, elastic film. Thé'éecondary drying in
these o0il varnishes is caused by the evaporation ofvthe
volatilé vehicle, and by the polymerization of the con-
stituents. On the whole, the drying of an oil varnish
is of a chemicsl nature’ The varnishes of the second
cless are called spirit varnishes. These dry merely
By the evaporation of the solvent, and there is prac-
tically no chemical action. The gum is trensferred
from a lump form into ﬁ thin sheet by means of the sol-
vent. The most imbortant exsmple of this class is shel-
lac, vhich is the hardened secretion of the lac insect,

dissolved in alcohol.
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Since my work hes been besed on oil varnishes
and since the general usage of the term"varnish" im-
plies an oil varnish, I shall speak only of oil var-
nishes and use the‘tefm "yarnish."

Varnish generally contains four ingredients.
1-Resin, 2-drying oil, 3-volatile thinner, 4-drier.

The resins are numerous and vary from the hard-
est, such as amber and zanzibar, down to the softer
ones, such sas soﬁth Amer icen and Cochin China. Some of
the more widely used resins, or gums as they are known
in commerce, are Gongo and Kéuri, which are of medium
hardness; .

The oils whidh'receive the greatest use are
first and foremost, linseed o0il, and secondly, Tung or
China Wood Oil. Linseed 0il hss always been, and still
is, the standard oil in varnish meking. It is only in
the last decade that Tung oil hes come into prominence.
It is unexoelled for some purposes, especially in the
manufaeture of cheap rosin varnishes. Cold pressed
walnut and poppy seed oils are also used to a slight
extent, and any other o0il could be used that contained
a high percentage of linolenic, 1so-linolenic end lin-

olic acids. S8tated in another manner, sny oil having



an iodine number over 120 would be admissable, tho lin-
seed 01l must have & minimum I number of178.l"

The volatile thinners used are many, and differ
according to the natuwe and uses of the varnish. Spir-
its of turpentine and wood turpentine are used,  tho
they polymerize in drying, giving a soft film which
tends to mmke the varmish tacky. Fetroleum spirits,
benzene, denatured alcohol and wood alcohol also find
wide usage. Without the addition of a volatile thin-
ner, the solution of the resin in oil would be too
viscous to apply properly.

The driers for varnish are both of an organic
and inorganic type, end their action is of a catalytic
nature. The inorganic driers are the oxides of lead
and mangsnese, which must be of a high quality in order
not to injure the varnish. The jromirent organic driers
are salts of lead and manganese resinetes and 1inolaﬁes.
Lead driers in linseed o1l varnishes increase the mois-
ture absorption and the whitening of the film vhen it is
exposed to water. In polymerized oils, lead driers in-
crease the resistance of the film to water, but they also
jncrease the emulsification properties of the varnish
much more than do manganese:5 It has also been found that

lead driers increase the turbidity of a vernish more than



other driers‘ do ."

In general mangenese is less injur-
ious than lead, but it takes only & small smount of any
drier, usually about .0L=2%.7

In meking varnishes, great care must be taken
in the melting and the dissolving of the resins. From
10-25% of the original resin must be distilled before
the residue will dissolve in the vam ish .vehic:l.ers.8 The
resing sre usuelly crushed to pea size and from 100-
150 1bs. are placed in a c¢cylindrical, flat_bobtomed cop=-
rer kettle about the depth of its diameter. The kettle
is placed on an iron truck which is rolled over a coke
fire just below the level of the floor. The "gums" are
then melted and it is duwring this process that the vol-
atile portions are lost, tho some factories recover the
distillate, which is known as copal oil.’ Hot boiled oil
is now added and the mixture of oil and resin is cooked
and the driers are added. When the mixture has reached
the right consistency, the kettle is withdrawn and al-
jowed to cool. mhen it Is properly reduced with the
volatile ﬁhinnefs, such as benzine and turpentinefoln
England with the better grade of varnishes, the prac-
tice is to allow the varnish to age from six months to

several years, in order te allow any dirt or "foots"

to settle. In the United'states, the modern method is



to pump the varnish to a centrifuge, and then let the
varnish stand for a period of tiree to six months.

The quality and nature of the varnish depends
g8 much on the proportion of oil used as it does on
the kind of resin. The color of the varnish will be
paler if the resins have been well selected and the
0il uvsed is from ripe seed and is properly bleached.

The herdness of the varnish depends 1lst, on
the type of resin, and 2nd, on the amount of oil usead.
1he more oil used, the softer will be the resulting
film. This is due to the nature of linoxyn, which is
tough and elaétic. Brilliancy also depends both on the
type of "gum" and on the amount of oil used. This is
due to the fact that the inmdex of refraction of the oil
is less than that of the resin. The greater the propor-
tion of resin, the greater will be the brilliancyfl

Varnishes that contain less than 12 gallons of
0il to 100 1bs. of "gum" are oalled "short." CThese var-
nishes are hard and briiliant and are capable of being
rubbed and polished. They are slways used for interior
work as they are not resistant enough to weathering.
Those varnishes containihg 20 gallons or more of oil are
termed "long" varnishes. Due to the larger percentage

of_linoxyn, the end product of linseed oil oxidation,
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they are tough ;nd elastic and capable of withstanding
moisture. Varnishes of this type, such as "sper var-
nish", vwhile they have gained impermeability, have lost
the brilliancy of a "furmiture vamish." |

As a8 result of the complexity of varmish con-
stituents, there is no general method of analysis in
wide use. The tests are lergely physical, and are
based on "performance"” rather than on chemical comp6-
s@tion. The manufscturer who purchases varnish wants
%o know how the varnish will "stand up" and act, B0
this informe tion is ascertained by practical tests.
However, if the ocomposition of & varnish must be known,
an approximation can be made.

Upon investigation of the various methods for
the analysis of varnishial believe that the best scheme
yet published:is that one given byvﬂollyfs This, or any
other proceedure, to be of value, must have extensive
analytical data with which to compare the results., 1hat
is, the values on a great number of varnishes of known
composi tion must be at hand in order that the results
shall have a meaning. |
ihe common physicel tests are as fbllomm:’“
1. The dried vamish film is immersed in water for a

number of houwrs. Varnishes of appoor grade or of little



0il turn white more quickly than others.

&, YThe varnish film is dried on gless or white enameled
tin and the color of the film is compared to that of the
standard. The time of drying "dust free" and "hard" is
noted as is s8lso the condition of a freshly out edge. If
the.edge is brittle and produces dust, a short varnish is
indicated, but if the edge is elastic and ragged, & long
varnish is indicated.

3. The viscosgity is meny times determined by the
air bubble method.  The vamish is placed in a bottle
and the bottle inverted. The time that it takes the

air bubble to rise is compared to that of a standard
sample which is inverted at the same time. A4s stand-
'ards; a series of mineral lubricating oils is taken,

each 01l representing a known viscosity. This method

is quick; and in the hands of an experienced persdn is
accurate for all practieal purposes. However, for scien-
tific work, a viscometer must be used. 4&ll Gravity
types are inaccurate. For research work the Herschel
modification of the Bingham & Green Flastometer is
recommended, but for general industrisl work the Mac-
Michael or Doolittle torsionsl viscometers are best.'®
4, But the main test of a varnish is the menner

in whieh it acts in use. 4&ccordingly Government and



other specifications are allowing much more latitude
than formerly in the composition of vamish. AB long
‘as the varnish will "stand up" under the required con-
ditions, that is 811 the purchaser csres about, conse-
quently the chemicel analysis of a varnish is a second-
ary matter. It is only when a vamish is to be dupli-
‘cated or eompared, that the value of a chemical analy-
sis is evident.’

In order to determine the physicael properties
of the varnish, the manufacturer spplies it to panels
80 88 to parallel the conditions in the factory or place
in which it is to be used.’ Tests which are spplied to
¢ varnish just after the film has dried, should be fe-
peated after a duration of about two weeks. 1In fact,
Dr. A. P. Laurie states that a vamish film does not at-
tain its maximum hardness until it is about twelve months
01d/? The varmish which appears to be at first the best
of seversl others, may, sfter the lapse of time he a
poor vernmish, This variation is generally caused by
the type and the aubunt of drier used. <the film Which
may appear elasfic at first may resolve itself into a
1ustreléss or brittle one. Adulterants or excess of
- drier may produce serious defects. It is a generally

establ ished fact that at different states of drying or
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at different ages of the film, thére is a difference in
the properties of the dried coat. ILikewise it is agreed
thatka rise in temperature hastens the drying time. This
is due to the increased rate of evaporation of the vol-
atile thinner and to the increased catalytic action of
the "oxygen carriers"™ or driers. Then the question is
raised, "what effect hes this rise in tempersture on the
properties of the £ilm?" It would seem that an increased
temperature would increase the herdness and the brittle-
ness of the film and perhaps by reducing its elastieity,
make the film less durable for some types of work. 1In
order to establish this theory the following experiments

were made.

EXPERIMENTAL.

In order to determine the effect of chemical
action on heat-treated varnish,'é series of varnish films
was mede at various temperatures, ranging from air tem-
perature (70°F) to (220°F.) After a number of trials on
films which had been prepared previously, a solution of
tenth-normal sodium hydroxide (N/10 NeOH) was adjudged to
be the best reagent of several acids and alkalies of va-
rious strengths. The films were mede on small porcelain

dishes of uniform size, and lecc of & high grade rubbing
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varnish was flowed into each one. The varnish in the
dishes was dried at the determined temperature for 24

hrs. snd then sllowed to rest at room temperature for
another 24 hrs. At the end of this period 10cc of N/10NaCH
were put on each film. <Yhese dishes together with a blank
gample were then put under & glass cover for 24 hrs. At
this time the film was washed free from salkeli sand the
alksali was titrated with N/10HCl, using phenolphthalein as
the indicator. From this titration the smount of alkali
that interacted with the varmish film was determined, and

is e:&pres&: in the table as follows;
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TABLE NO.1l
Dish Tegp. No. of ce Remarks.
v N/10 NaOH
49 22 3.60  £1lms moveable with finger snd
60 28 3.70 wrinkled before adding alkeli.
57 - 33 3420 Films movesble with finger and
38 33 3.25 wrinkled before adding alkali.
33 40 3.45 Films moveable with pressure df
34 40 3.35 finger & slightly wrinkled be-
' fore sdding alksali,
29 48 2,00 Films firm to touch, wrinkled af-
30 48 2,65 ter exposure to alkall.
45 57 3.85 Films wrinkled after exposure to
46 57 3.00 alkali, About % crispy and loose.
a 65 0.30  Films firm to touch. Smooth af-
42 65 0.45 ter exposure to alkeli, with :
small soft spots.
3 75 0.35 Pilm smooth after exposure to
4 75 0.30 alkali,
5 80 0.15 Film smooth. Few small blisters
6 80 0.20 efter heating. Alkali had no vis-
ible effect.
9 -85 0.20. FPilm smooth. Darker after heating.
10 85 0.20 &1kali had no visible effect.
13 94  0.20  blistered & films darkened aféer
S 14 94 - heating. Alkeli had no visible effec
17 103 0.15 Filme smooth and darkened as if they
18 103 0.15 had been burned. Alkali hed no vis-

ible effect.



Considerable difficulty was experienced in the
control of the témperatufe. The volatile constituents of
the varnish seemed to affect the thermostatic control of
the oven causing a rise in the temperature. The temper-
ature would remain constant until the introduction of vol-
atile material caused the temperature to rise from 10 to

15%. A4t 100°C there was only a 3°C increase. After three
| or four hours the temperature would graduslly fall to its
former level or become constant at some new lower level.
The temperatures given about are the average temperatures
to which the film was exposed. &8 was to be expected,
there was more variation at high temperatures than at
low temperatures. Any volatile substsnce such as benzene,
ethyl ether, or petroleunm ether produced corresponding
rises in temperature. It also appears probable that the
volume of the oven contents has an influence on this phené -
omenon of vapor pressure.

- & second serieé of vamish films was dried at
the same time with the dishes of the fifst series, ahd
was treated in the ssme manner. However, two weeks air-
drying were allowed, after the dishes hed been heatead,
and before the alkeli was added. UThe results obtained
are expresed in Table No. 2. It will be noted that the

films dried at low temperatures wrinkled on standing.
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- This wrinkling occured in the center of the film where
the varnish was about 1 MM. deep. There are & number of
theories on the wrinkling of vamish films. ¥ollman?°
claims that highly wlatile thinners are apparently
condicive to wrinkle formation and thet white light
causes more wrinkles than red or no light. On the oth-
cer hand, Wolff says that ligh‘t; of long wave lengths (red
or orange) appears to produce wrinkles, while that of
shoi't wave lengths (colorless and blue) favors smooth
drying.a'l Again, Ragg disputes this theory and states

that wrinkling is due to heat swelling the undercoating.a'a'
Whatever may be the csuse, the higher temperatures seem

to have hardened the costing or to have dried it so thor-.
oughly that no wrinkling could heve taken place. |
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TABLE NO.Z2
Dish Temp No.cc of Remarks.
¢®  N/10 NaOH |

51 22 6. 00 Films clear & smooth after 2 weeks,

52 22 5.45 but moveable to touch. £11 of films
soft & wrinkled after adding alkali.

29 33 4.20 Films slightly wrinkled & moveable

40 33 4,15 to touch before adding alkali. About

. 2 of f£ilm loose & wrinkled after.

26 40 4,10 Pilms slightly wrinkled & Hard be-

36 - 40 4.10 fore adding alkeli.about & wrikk-
led & white after adding alkali.

31 48 3.65 Films wrinkled after 2 weeks but

32 48 3,00 hard & clear. About 4 loose & crisp
after adding alkeli.

47 57 4,40 Films slightly wrinkled but firm to

48 57 4,00 touch before adding alkeli,about 2/3
loose afterwards.

43 65 5,50 Films smooth before adding alkali,

44 65 5.85 about 2/3 wrinkled & soft after.

53 "3 0.50 Films smooth & hard before adding

b4 73 0.26 elkeli.Slightly wrinkled but firm
afterwards.

7 80 0.10 Pilms blistered slightly.Alkali had

8 80 0.25 no visible effect.

11 85 0.30  Pilms blistered slightly and dark-

12 85 0.20 ened.&lkali had no visible effect,

15 94 0.10 Films darkened.&lkali had no vis-

16 94 0.15 ible effect.

19 103 0.00 Films darkened. Alkeli had no vis-

20 . 103 0.10 ible effect.
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- A&fter washing the films, which had been ex-
posed to the higher temperatures, free from alkali, the
thin portions of the film on the edge qf the dish curled
up and peeled off. While the alkali was still on them,
they appeared to be unaffected, but & few minutes after
washing the peeling commenced. This 1is possibly due to
the fact that the heat and the thinness of the film
ﬁéaused the varnish to be greatly oxidized and polymer-
ized, and this together with the action of the slkali
produced a brittleness in the film. The force of the
washing may them have caused the peeling.

_ It will be noted from a comperison of table
No.l with table No.2 that more alkeli was required to
react with a film that had been dried two weeks than was
required for one that was acted upon immedistely. This
is different from what would be expected, for the film
having the longest time to dry would be hsrder and drier,
consequently this film would be expected to be more re-
sistant to alkali tlen a more recent film. To test this
Phenomenon further, three sets of films were prepared at
intervals of about two weeks. The films weré all dried
at room temperature which sveraged about 22°Cc. At the
end of seventy two hours, 10cc of 1i/16 NeOH were added
to two of the films and after 24 hrs. this alkeli was
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titrated with N/10 HCl, Ome week.later, the two remain-
ing_dishes in each set were treated in the same manner.

The results are as follows:

TABLE NO.3.
After %& hrs.

Ko. No. 1 week and 72 hrs.
&, -4.35cc N/l@ NaQH used.  k.-4.75co N/lO NeOH used.
B, -4.30ce B,-56.10

€ -4.35cc " " " G, ~5.85 n n "
D, -4.55¢c " " " Dy -5.35 " n n
“ _5,0500 n A " Ez_s.so n " "
F, -5.05cc " " " F, -5.85 " " "

In order to determine the effect of heat on the
elasticity end the water-resistant quelities of vamish,
the following series of films were mrde on tin plates.

Tin pdated sheet iron whiech hadAbeen enameled mhitern

one side was cut into strips 5" long and 23" wide. Four
pieces were dipped into the high grade finishing or "rub-
bing" varnish used above, and four others were dipped in-
to 8 varnish containing s small amount of barytes and
known to the trade as "surfacer" or "lst coster". hfter
the strips hed drained they were suspended in the oven at
the desired temperature for 24 hoursfa The strips were
then allowed to rest at air temperature for ahother 24

_ howr period. At this time one tin strip bearing the "sur-

facer" varnish and one strip bearing the rubbing varnish
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were bent double over a 3mm. rod with the enameled sur-

face on the outside. IExactly two weeks

latser two more

from the set of eight were bent in the same menner and

the behavior of the dried film, both on the convex and

concave sides of the bend, was noted.

fin Strip Temp.

18
L
B

Fin.
Sur.

Fin.
Sur.

Fin,
Sur.

5 Pin.
5 Sur.

f i

€ Fin.

4
4
#4

#3
#3

Fin,
Sur.
Fin,
Sur.
Fin,
Sur.

co

22
22

34

34

44
44

55
55

58
58

69
69

78

78

89
89

Hor 2l D I O OO0 33 OO

‘TABLE NO. 4.

Films 48 houwrs dry.

Condition at

“convex bend.

Few 1light hair lines
Lus tre Dulled

Few light hair lines
Lue tre Dulled

Few light hair lines
Few hair lines

Few hair lines
Few hair lines

Eight hair lines
Hair lines & sceled

Light hair lines
Hair lines & scaled

Many light hair lines
Few Heir lines

Hair lines & scsled
Hair lines & sceled

Condition at
concave bend.

Lustre Dulled.
Loose & scaled

Lugstre Dulled.
Loose & scaled

Lus tre Dulled

Loose & scaled

Hair Lines:
Loose & soaled

Heir lines & scsled
TL.oose & scaled

Meany hair lines & scale
Loose & scaled.

Hair lines.
Loose & scaled

.Lustre Dulled

Loose & scaled

* Numbered in order of their being most affected.
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TABLE NO.b.
Pilms 16 days old.

Tin Strip Temp. Condition at Dondition at
c° cénvex bend. concave bend
#8 Fin. 22 *8 Few light hair lines Lustre Dulled
#8 Sur. 22 8 Lustre Dullead Loose & scaled
7 PFin. 34 7 Few light ha ir lines Lus tre Dulled
7 Sur. 34 7 Lustre Dulled Loose & sesled
ﬁg'ﬂin. 44 6 Yfew hair lines Lus tre Dulled
Sur. 44 6 Light hair lines Loose & scaled
is Fin. 55 b Few hair lines Lustre Dulled
65 sur. 556 5 Light hair lines Loose & scaled
#1 ¥Fin., . 58 4 Hair lines & scaled lany hair lines & sca
#1 Sur. 58 4 Hair lines & scaled Loose & scaled
#2 Pin. 69 3 Hair lines & scaled Hair lines & scaled
#2 Sur. 69 3 Hair lines & scaled Loose & scaled
#4 Pin, 78 2 lMany hair lines & scaled Many hair lines & scs
#4 Sur. 78 1 Meny hair lines & scaled Loose & scaled
#3 Fin, 89 1 Many hair lines & woaled lMany hair lines & sca
#3'sur. 89 & lMany hair lines & scaled Loose & scaled

*Nunbered in order of their being most affected.

The varnish did not sdhere so well to the
tinned side as it did to the side of the strip which had
been énameled. This accounts for the fact that the con-
cave side was affected more than the comnvex side of the
bend.

TWOIWeekS after the laét film of the series

was dried, each film was scratched with a knife in or-
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der to determine the influence of heat on the elasticity.
Elastic or "long" varnishes will "ribbon" under the

knife blade, whereas "short" and hard Vaﬁnishes chip

or "dust". The "surfacer" was s0 short that no aif fer-
ence could be detected between the effects of the va-
rious temperatures. mhe rubbing varnish, which was
kshort by its natwe, 4id not show any merked differences,
yet the -higher temperatures produced & harder film, as
determined by the conditions of the cut edge.

To determine the water-resistant qualities of
the various films, one strip of tin was taken from each
set. All the strips were placed in city water at the sanme
time and at least two weeks after the last film had been
prepared, so that the films weére thoroughly dried. The
finishing vamish, being of & higher grade than the "sur-
facer"] required more time to show the effect and so the

two varnishes were treated separately.



Strip.. Tempr After 9 hrs. After 17 hrs.
#8

#7
#6
#5

#1
#2

#

#3

28
o4
44
55
58
69
78
89

TABLE NO.6.

Slightly white *2

S1i
Not

- Not
" Not

ot
ot
Not

ghtly white
affected
affected
affected
affected
affected
affected

Strip TempC After 31 hrs.

#8
#17
#6

#

#1
#2
#4
#3

22
34
44

55

58
69
"8
89

*2
1

o N & o b O,

Very White
Very White
very White
White |
White

1
3
4
5
6
Vi
8

Slightly white

Very " " White

Whitish cast

Pinishing Varnish-Continuous Exposure.

After 21 hrs.
white *2 white

White 1 white

Pairly white 3 White

Slightly white 4 Slightly white
Slightly white 5 Slightly white
Slightly white 6 Slightly white
Very " " white 7 Very " white
Not affected. 8 Whitish cast.

After 48 hrs.
*2 very White
1 Very white

3 Very White

4 White

5 White

6 Neagly white

7 Slightly white & crazed
8

Very " white & crazed

*Jurbered in order of their greatest whiteness.
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TABLE NO.¥.

Surfacing Varnish--Continuous Exposure.

Strip. Temp.C. After 3 hrs. After 5 hrs.

#8 22 *2Slightly white *2 White

#7 34 1 White 1l White

16 44 3 Slightly vhite 3 Slightly white

#5 55 4 Very slightly white 4 Slightly white

#1 58 6 liot Affected 7 Blistered

#2 69 7 Not Affected 8 Blistered

#4 78 5 Blistered- 5 Much Blistered
Very slightly vhite Slightly white.

#3 89 | 8 Not affected. 6 luch Blistered

Strip. TemplC. After 8 hrs. After 14 hrs.

#8 22 *2 White #6 Very White

# B4 1 White 5 White

#6. 44 3 White ‘ 7 Very White

#5 15 4 Slightly white 8 White

#1 58 7 Slightly Blistered 3 White & Blistered
and " " White

#2 69 8 8lightly Blistered 4 White & Blistered
and " " White

i4 78 6 Slightly White 2 White
& washed of £ 2/3 washed off

#3 89 5 Slightly white 1 411 off.

2/3 washed off

*Numbered in order of their greatest whiteness.
Fliumbered in order of their being most affected.
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All observations were made on the tinned side
of the strip as the whitening of the varnish was not ap-
’ parént against the white background of the enameled side.
Block claims that if a vamish does not turn permanently
white vhen it is exposed to water, the varnish does not
necessarily lack durabilityf”’DeWaele suggests that the
films might act as semi-permeable membranes%swhile Wolff
claims that altho the film is waterproof, yet it is not
gas proof?t Gardner shows that while a film may be rel-

atively moisture-proof, it may not be water-proof.zz

CONCLUSIONS.

Tables #1 and #2. Higher temperatures pro-
duce a varnish film that is more resistant to the ac-
tion of alkeli than lower temperatures produce.

Tables #1-#2 and #3. With the particular
varnish under ihvestigation, time produces in the dried
film, compounds which resct with alkali.

Tables #1 and #2. Higher temperatures dry a
thick film more quickly and thoroughly than 4o low tem-
reratures, thus preventing wrinkle formation.

Tables #1 and #2. High temperatures cause a

rapid evaporation of the volatile thinner and an evolu-
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tion of wlastile products. Blisters are forned, thereby
destroying the value of the film, tho this would prob-
ably not occur in & thin film. ‘

Pables #4 and #5. Higher temperatures produce
a film that is less elastic then one produced by lower
temperatwres. YThere is apperently no difference between
films bent 1ﬁmediate1y sfter the heat treatment and those
bent after a lapse of two weeks. No conclusion can be
drawn however, as the difference may be so slight that it
cannot be ﬁetected by this method. TFurther investigation
is indicated, using & long oil varnish.

Tables #6 and #7. Higher temperatures produce
a film that ie more resistant to water than films produced
by lower temperatures. It is to be noted that while the
varnish in table #6 resisted water for 48 hfé., yet this
same vaxnisb when exposed to weathering in a driving rain
for 16 hrs., was completely washed from wood panels.

\ It was also noted that higher temperatures pro-

- duced a film that was more resistant to solvents such ss
alcohol, benzene and turpentiné,than one produced by low-
er temperatures. |

While these tests may hold true for just these
rarticular varnishes, yet the results as a whole would

seem capable of being applied to oil varnishes in gener-

al, since &8ll 0il varnishes are bssed on the same principles.
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