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INTRODUCTION



It is the purpose of this thesis
to study the many factors involved in
improving the blush resistance of
lacguers.

The property of improved blush
resistonce osn be acoomplished in meny
ways. Bhich method, or combinstion of
methods, 1s employed, will depend upon
the besic formulatlon of the particular
lacquer used, and the market prilce of
the various laoguer solvents.

By the proper appllicstion of the
findings of this theslia, many lacquer
thinner formulations may be materially
reduced in cost, with no sacrifice in
the quslity eof blush resistance,

411 the practicsel findings of this
work have been proved by sapplication to,

and use in, commerclial lacquers,
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HISTORICAL

3.



The general impression thut lacquers sre
comparatively new is erronecus. Ain exasmination
of the literature shows that nitrocellulose
was first prepared in 1833 (24). In 1856 e
petent (8) was issued for the use of s sclution
of nitrocellulose as a coating weterial for
fabrics, paper, and lesther, The next year
{(1886) a patent waes issued (8) for s composition
of nitrocellulose, resin, castor oll, snd a
coloring matter. This lest is essentlally the
composition of & modern lacqguer.,

Many factors retsrded the growth of the
lacquer industry. A few of the most important
wore;

{a) A scurolity and lack of sultable
solvents for nitrocellulose.

(b) Small quantities of nitrocellulose
produced very viscous solutions,
and consequently the lacquers
solid content was very low,

(¢) Lsoquers were repild drying, so
that their application was
solved satisfactorily only upon

invention of the spray gun.

4o



(d) 2 genersl lack of suitsble equipment
for the manufacture of lacquers.

(e) A lack of education of the genersl
publie to the sdvantages of lecquers.

(f) The cost of lecquers was relstively
high compered to other coatings.

Only after a method was found to materially
reduce the viscosity of nitrocellulose (14),
onabling a relstively high sollid content to be
obtained, did lacquers hecome popular,

48 & result of sclentifiec investigation,
these retarding factors have been over come;
and today lacquers have an undisputed place in

the field of protective coverings.

8.



THEORY
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7.

There uare three distinct types of blush
that can be distinguished from one another only
by examination under the proper csonditions.

They are;
{(a) Cotton Blush

This results when the solvents in a lesoquer
are not properly balenced, and sn exceas of the
nonsolvent is bullt up in the drying film.

This type of blush ean be easity remedied by
adding & smell quantity of a alowly evaporating,

active solvent,
(b) Gum Blush

This may be csused by the imcomputibility
of the resin with nitrocellulose, or precipitetion
of the resin in the drying film, because of the
improper solvent balance or selectiocn. This is
one of the moat difficult types of blush to

remedy.
{(¢) WwWeter Blush

This is csused by the sbesopption hest by
the vaporizing liquida. The resultant tempersture



may be below the dew polnt of the sir. In which
case the precipitated molisture is emulsified in
the drying leogquer f£ilm, If the £ilm has set
befere the minute drops of water evaporate, the
continuity of the dried film is broken and a
whitening results., This blushing varies in
intensity with the tempersature and the humidity.
That 1s, it is much worse on hot humid days.

0f the three types of blush mentioned, this
work will be devoted solely to en inveatigotion
of weter blush, A superficiel examination of
the problem seems to indlcete the use of large
quentities of slowly evaporating sclvents. This
is pot pructicsble for three ressons,

They sere;

{a) "he drying time of the lecquer
may be slowed beyond the practicel point for
production finishes.

(b) Slowly evaporating solvents are
oxpensive; therefore the formiletion mey not

be eccunomicel.

{6} A full underatanding of the meny

8.



other factors involved, will help remedy the
blushing of lscguers without greatly slowing
the drying time or increasing the cost.

The average lacquer at spraying consistency
gonteing 76 to 80 per cent of volatile matter
which 1s relatively expensive. Therefore,
it 13 essily understood why the economics
of lacquer thinner formulation is such an
important factor,

Much has been published concerning
the solvent power and evaporation raete
{1-3, 5-7, 9-13, 15-20, 22, 23) of variocus
solvents; but virtuslly nothing has been
published thet will give the lacquer
formulator a comprehensive pioture of
the many faoctors that will help improve

blush resistance

9.
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METHOD OF COMDUCTING TESTS



ii.

211 lsoquers, except where noted, were
prepared by dissolving one aend one~fourth (1})
pounds of wet R, S. § Second Nitroscellulose
(70% dry nitrocellulose, 30% denatured alecchol)
in one gallon of the specified lacguer
thinner.

when weather conditions were favorable
{hot, humid deys) the lacquers were flowed
simultanecusly on s glass plate and observed
for whitening. 1In all osses chesk runs
were made,

The composition given for all leequer
thinners is in per cent by volume.



HATERIALS



13.

Al) solvents, resins, and nitrocelluloses
uged in these tests were commercisl products.
The products used and their physical

constants were as follows;
SOLVERTS

Acetone
Distillstion Renge 56° to 57.5° C.
Specific (Gravity 0,798

Amyl aAcetste
Distillation Renge 120° to 145° C.
Ester Content 9%
Specific Grevity 0.868

Ritenol
Distilletion Renge 114° to 118° ¢.
Specific Gravity 0.811

Secondary Butanol
Tistilletion Renge 94° to 106° C.
Specific Gravity 0,810



1¢.

Butyl Acetate
Distillstion Range 116° to 128° C.
Ester Content 50X to 02%
Specific OGravity 0.878

Secondary Rutyl scetate
Distillation Range 108° to 1189 ¢.
Ester Content 86X to 58%
Spesific Gravity 0.864

Cellosolve
Distillation Renge 130° to 136° C.
Spesific Gravity 0,950

Penatured Alcohol
Distilletion Range 74° to 80P ¢,
Specifie Oravity 0.810

Ethyl Acetate
Distillation Range 709 to 8BO° (.
Ester Content B5L to 88%
8psoific Gravity 0.884

Ethyl Acetate
Distillstion Renge 76° to 80° C.
Ester Content 98%
8pecific Gravity 0.900



Fusel 011 (Amyl Alcohol)

Distillation Range 110° to 136° C.

Specific Gravity 0.81)

Isopropyl Acetate
Distillation Range 84° to 93° C.
Ester Content 884 to 88%
Specific Gravity 0.869

Isopropyl Alochol
Distillation Renge 78° to 85° .
" Specific Oravity 0,808

Methanol
Distillation Range 83° to 650 C.
Specific Gravity 0.797

Methyl Ethyl Ketone
Distillation Renge 78° to BERO C,
Specific Gravity 0,806

foluol

Distillation Range 109° to 111° C.

Specific Gravity 0,867

Troluoll)

Pistillation Range 960 to 128° ¢,

8pecific Gravity 0,738

6.
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Xylol
Distillation Range 133° to 146° C.
Specific Gravity 0.887

RESINS

Becksacite #1114
Rosin maleic anhydride glycerol eater.
Specific Oravity 1l.17
color lI-X
Nelting Range 1963° to 10g° C.

Ester Gum
Rosin glycerol ester
Specific Gravity 1l.14
Color N-Wa
Melting Range 65° to 78° ¢,

Teglae Z-152
Rosin meleic anhydride glycerol ester.
8pecific CGravity l.14
Color X
Melting Renge 140° to 1850° ¢.

PLABTICIZERS

Bakers' No. 18 Castor 0il
Blown castor oil,
Specifiec Gravity 0.9956



Dibutyl Phthalate
Ester Content 99X te 100%
Specifie Gravity 1,080

Trioresylphosphate
Specific Gravity 1.180
Beiling Point 286° ¢, at 10 mm,

RITROCELLULOSE

R. 8, # Seoond Xitrocellulose
Bitrogen Content 11.8% to 12.2%4
Specific Gravity 1.68

7.
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RESULTS
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A. Influencs of Hesins

For this test fowr lacquers were prepared,
one containing no resin and three containing
resin in weights equal to the dry nitrocellulose
content.

The resins used were the following:

(1) Ester oum
(2) Beckscite #1114
(3) Teglasc Z+158

The solvent retention of cnch‘rntin wes
lower in the sbove listed order., These three
resins are representative of the average hard
resin used in lacquer formulstion. They were
seleoted because of their wide commercial use
and becsuse a singie solvent combination

could be ussd for preparing the lacquers.

Volatile Composition by Volume
8% Butanol
16% Butyl Acetate
16X Bthyl scetate
80% Toluol



This solvent line up is representative of

the type generslly used for the spray application

of lacquers.

Klushing is increased in the following order:

(1)
(2)
(3)
(4)

Ester Qum
Beckeslite #1114
Teglus Z-152

Ko Resin



gl.

B. Influence of Plasticiszers

Por this test four lscqguers were prepared,
one contalining no plasticizer and the other three
containing one-half () the amount of the dry
nitrocellulose of the following:

(1) pibutyl Phthalete
(2) Triocresyl Phosphate
(3) Pakers'! #15 Castor 01l

Fo difference in the dlushing of the three
lacquers containing plastieizer could be detected.
41l three were considerably better than the

lacquer containing no plastioilser.
This is quite logical decause plastioizers

are non-volatile solvents for nitrogellulose.



C. Influence of Slowly Evaporating Solvents

Severs)l of the more slowly evaporating solvents
were investigated. The composition of the volatile

portion of the lacquer was &s follows;

8% Butanol

16% Solvent under investigation
lé£ xthyl scetste

60% Toluol

Blushing inereased in the following order:

{1) Seocondary Hexyl Acetate
(2) Amyl Acetate

{3) Secondary Amyl Acetate
(4) Butyl Acetate

(5) s.aanﬁ#ry Butyl Acetate
(6) Cellosolve

These results are in very dose agreement with
the only other published work that could be found
on this subject (£1).

gL,



D. Influende of Rapidly Evaporsting Solvents.

In ell spraying lssquers, except in speciasl
cages, there is at leaat s small amount of
rapldly eveporating solvent. If no rapidly
evaperating solvent were used, there would
be very little, if any trouble with water
blush. However, from the standpoint of the
economics of lacquer formulation, this is
impreacticable. Also becmuse of their excellent
solvent power, rapldly evaporeting solventa
meterially reduce the viscosity of the lacquer.

At the present time, only three rapidly
evaporating solvents, in the seme price renge,
sre ocommerciaslly avallable,

Blushing inoreassed in the following order;

(1) Isopropyl Acetate
(2) Ethyl Acetate
(3) wMethyl Ethyl Ketone



E. Influence of Water Soluble Components.

There were three references (20, 21, 22) in
the literature to the sdverse effect of water
soluble compeonents in lsequer formulations on
blush resistance.

In order to check this point, the following
formulations were tested.

8% Butanol

16% Butyl Acetate

8% Ethyl icetate

8% Component under investigation.
60% Toluol

Blushing increased in the following order:

(1) Isopropyl Alcohol
(2) Depnatured Alecchol
{3) Methanol
(4) Acetone

A lacquer in which the water soluble component
was replaced with Ethyl .cetute wes wuch superior

to the one containing isopropyl alechol.



Therefore, 1t was decided to meke a test of
85% and 9685 ester ethyl acetates.

AS was expected the one containing 98%
othyl acetate was superior.

These experiments show the very detrimental
offect of having water soluble components in

the lacquer thinner.

2s.
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F. Influensce of Higher Alcchols.

Lecquers were prepared with the fellowing

composition:

8% Higher Aloohol
18% Butyl Acetate
16% Ethyl Acetate
€0% Toluol

Blushing inoreased in the following order;

(1) Pusel 04l (imyl ilcohol)
(2) Butenol
(3) Seeondary Butanol



G. Influence of Eitrocellulose Dehydrsted with Butanol

8ince water soluble components have an adverse
effect on the blush resistance of lscgquers, & test
was made to emphasize the faot further.

Two lacquers were prepared with the following

conpositions.
LAGUUER #1

128§ Butenol Dehydrated Hitrocellulose
(70% dry Nitroocellulose, 30% Butanol)
8 Osl. Butanol
168 Gal. Butyl Aicetate
16 Gal. Ethyl Acetate
60 Gal. Toluol

LACQUER #2

126¢ Nitrocellulose Dehydrated with Denatured Alebhel
(70% dry Nitrocellulose, 30% Den. Alcchol)
2% Oal. Butanol
16 Gal. Butyl icetate
21 Gal. Ethyl scetate
60 Gal. Toluol

87.
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These two lacquers are of identiosl composition,
except that in Laequer #2 the denatured aleohol
was replaced with an equal weight of ethyl acetste.
As wae t0 be expected Lascquer #1 was far

superior to Lacquer #€ in blush reslistance.



89.

He Influence of Excess Tolerance

For this test three lacquers of the following

solvent composition were prepared:
LACQUER #1

8% Butanol
16% Butyl Acetate
16% Ethyl scetnte
60%£ Toluol

LACQUER #8

7% Butanol

14% Butyl scetate
1¢% Bthyl Acetate
65% Toluol

LACQUER #3

8% Butanol

18% Butyl acetate
164 Ethyl :cetste
485 Toluol

158 Troluoil



In this test laoquer §l1 was quite definitely
superior to Lacquers 42 or #3.

This is readily understood when 1t 1is
oonsidered that the excess tolerance of Lacgquer §1
is higher during the drying period. Therefore,
it flows longer, giving the water more opportunity
to escape and the pores to close,

Using petroleum diluente similer in evaporation
rate to toluol ( such as troluoil ), & great
improvement in blush resistance can be made, over
Iacquer #l. i® an exemple the following is

given:

10% Butanol
30% Butyl scetate
104 Xthyl Acetate
80% Troluoil

‘The primery resson for improved blush resistance
1s, that, although the initial excess tolerantce
was not so high as Lacquer §l; the excess tolerance
during the evaporetion period increused more

rapidly.



3.

I. Influence of Blowly Evaporsting Diluents

In this test two lacquers of the following

solvent composition were prepared:
LACQUER #1

10% Butanol
£20% Butyl ucetate
104 Ethyl acetate
60% Toluol

LACQUER ¢2

108 Butanol

20% Butyl scetate
104 Ethyl Acetste
50% Toluol
10%=10° Xylol

Laoquer ¢2 was superlior in blush resistance
to Lacquer §#l.
In using this method to improve bdblush

resistance, care had to be exercised. 'That is



more of the slowly evaporating solvent hed to
be used to compensste for the slower evaporation
of the Xylol,

A8 an exsmple, there would be a danger of
cotton blush if five per cent (5£) less dutyl

acetate were used in Laoquer 42,

3
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J. Influence of Heplacing Butancl
with Slowly Eveporabing Hatera,

Three lacqueres of identicsl eomposition
oxcept that the butanol was replaced with
slowly evaporating esters, were prepared.

hey were:
LACQUER 41

8% Butanol

16% Butyl Acetate
16% Bthyl scetate
60% Toluol

LLOLUER ¢8

249 Putyl Acetate
16% Bthyl Acetate
60% Toluol

LACQUER #3

8% Seocondary Hexyl Acetate
16% Butyl Ascetate
16% Ethyl icetate
60% Toluol



¥o difference in blush resistance could dbe
detected between Lacquers ¢1 and §#2. However,
Lacquer #3 was decidedly superior te the other
two.

These results were desidedly contrary to
populsar opinion among lscquer formlators, who
have believed for years that butanol was a
powerful blush inhibitor.

When these three lacquer thinnsrs were made
into complete lacquers and three coats applied
to wood panels, formulas ¢2 and #3 did not
flowout so well.

The basic lsogquer formmlation was:

100¢ Re. 8. § Second Nitrocellulose
80§ #1114 Peckacite
30¢ Dibutyl Phthelate
100 Gel. Lscquer Thinner
The reasons why Lacquers §2 and ¢35 did not
flow so well might be:

(1) Lowering of surfuce tension by butenol.
(2) FPormation of conastant evaporating mixture

by butanol and toluol,incressed the excess tolerance



38.

as the film dries.
{(3) A ocombination of 1 snd 42 .

These findings were verified verbelly by
Charles Bogin of Commercisl 3olvents Corp.,
when the matter was discussed in their laboratories

in Terre Haute, Indiana.



K. Spray Out Vs, Flow Qut Tests.

Several commeroisl laoguers were sprayed
end flowed on wood panels and observed for blush.
in all oases the flow out tests were much

more severe than the spray tests.

This $2 quite loglcal in view of the rset‘
that about 30X of the lacquer thinner 1is lotsr
between the gun and the work(4). A substantiasl
part of this 304 is rapid evaporsting solvents.

The only exception to this rule is where
ethyl cellosolve 1s used as the slow evaporating
solvent. In this case the flow out tests were

superior to the sprayed panels,.
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CONCLUSION



Conclusion

If the blush resistance of a leacquer is not
sufficiently good, there are many ways to help
improve 1t. %hioh method, or combinetion of
methods, will be the most economical will
depend upon the market price of the verious
solvents.

Fagtors that will help improve dlush

resistance are;

(1) Use = reasin of higher solvent retention.
This is not practicable becsuse it would chenge
the besic formulation of the laoquer,

(2) Use of beneficisl plasticizers.

This method 1is not prsacticsdle for the same
reason as given above.

(3) Replacement of part or all of the fast
evaperating solvent with a slower one.

(4) Repleoe the slowly evaporating solvent
with ﬁ slower one.

(6) Replace the regular nitrocellulose
with one dehydrated with butanol.



9.

{(6) Replsce the water soluble components
with water insoluble componenta., If for any
reascn this is not possible, use methods 43,

{4, and §56.

{7) Replace Butancl with & higher molecular
welght alcohol such smyl slcohol.

(8) Repluce part of or all of the hydrocerbons
with slower evaporating ones. When using this
method, care has to be excerised to keep the
thinner properly bulunced by method #3 or #4,
or by a combination of 3 and 44.

{9} Replace the butsenol with s very slowly
evaporating lalveht such es amyl scetsate,
cellusolve acetate, as secondary hexyl acetate.
This method is not precticable because poor

flow results,
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