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Considerable catalytic decomposition of N-alkylanilines occurs
at temperatures of 360° to 440° C. and above,
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Ultraviolet Inhibitors for Cellulose
Acetate-Butyrate Plastics

PHENYL HYDROXYBENZOATES, HYDROXYPHENYL BENZOATES,
AND THEIR METHYL ETHERS -

L. W. A. MEYER AND W. M. GEARHART

Tennessee Eastman Co., Kingsport, Tenn.

Because phenyl o-hydroxybenzoate (salol) is an effective
weathering agent for cellulose ester plastics, the isomers
of this compound and their methyl ethers were studied.
Ultraviolet absorption characteristics of the compounds
were measured and weathering characteristics of plastics
containing these compounds were determined.

Compounds which the data indicate to be most effective
are m-hydroxyphenyl benzoate, p-hydroxyphenyl benzo-
ate, phenyl o-hydroxybenzoate, and o-hydroxyphenyl
benzoate. Those susceptible to quinone formation tend
to become yellow on exposure. Those with methoxy sub-
stituents are less effective than the corresponding hydroxy
compounds. High optical density in the ultraviolet range
after irradiation seems to be an essential requirement but
does not necessarily assure the material’s being an effective
inhibitor, ’

This study gives further insight into the question of why
an ultraviolet inhibitor is effective. By use of the knowl-
edge gained, it is possible to improve plastie formulations,
so that longer life may be expected in outdoor applications
such as certain irrigation and oil field installations and
certain automotive parts.

HE outdoor use of cellulose acetate-butyrate plastics has

been greatly accelerated in recent years by the development
of ultraviolet inhibitors. Without inhibitors these plastics on
exposure to outdoor conditions bleach, surface-craze, become
brittle, and finally disintegrate (5). Previous work (4, ?) has
shown that outdoor degradation is primarily the result of photo-
chemical action, and is easily followed by intrinsic viscosity
measurements. The introduction of 1%, phenyl salicylate into
cellulose acetate-butyrate compositions has largely overcome
many of these deficiencies, This development has allowed the
use of these plastics in such applications as irrigation tubing,
marquee letters, and tree guards on telephone wires.

Since the introduction of this inhibitor, a great deal of study has
been carried out to determine the best possible structure which
makes an organic compound suitable for use as an ultraviolet
inhibitor. Generally, a good inhibitor has several basic require-
ments. First, and most obvious, the compound must have a high
absorption capacity for the ultraviolet region of the solar spec-
trum (2900 to 4000 A.). The ideal inhibitor would cover this en-
tire range without introducing color in the plastic. Secondly,
the inhibitor should dispose of the absorbed energy in such a man-
ner that the cellulose ester chains are not harmed. Thirdly, the

inhibitor should have many of the desired characteristics of plas-
ticizers. These include compatibility, permanence, water insolu-
bility, and freedom from odor and from color forming on exposure.
Finally, in getting rid of the absorbed energy the inhibitor itself
should not be physically damaged.

In this paper a limited study of the effect of molecular structure
on inhibiting action is reported. Compounds considered are
based on modifications of phenyl salicylate (phenyl o-hydroxy-
benzoate) and resorcinol monobenzoate (68) (m-hydroxyphenyl
benzoate). In each case the o-, m-, and p-hydroxy derivatives
and their methyl ethers were tested. These compounds have
been incorporated into cellulose acetate-butyrate plasticized with °
12 parts of dibuty! sebacate in a concentration of 1 part per 100
parts of cellulose acetate-butyrate.

EXPERIMENTAL PROCEDURES

Weathering tests were made outdoors at Kingsport, Tenn.;
Fort Myers Beach, Fla.; and Phoenix, Ariz. Compression-
molded plastic panels, 9 X 4 X 0.125 inch, were mounted on racks
at a 45° angle facing south. Sample panels were removed at pe-
riodic intervals and returned for inspection and testing. The
weathered panels were first carefully examined visually, then
serubbed with soap and water and lightly flexed in order to de-
tect first signs of checking or crazing. Finally they were cut up
into test specimens and conditioned for testing. Properties de-
termined were tensile strength, elongation, and intrinsic viscosity.

It was known from previous work that weathering breakdown
began on the exposed surface of inhibited compositions and pro-
ceeded progressively inward (5). To get a quicker check on the
progress of the surface breakdown, the intrinsic viscosity measure-
ments were confined to the first 0.010-inch layer. These viscosi-
ties were run on a concentration of 0.25 gram per 100 ml. in acetic

: 1
acid at 25° C. according to the equation: [4] = %‘, where 7, is

the relative viscosity, and C is the concentration of plastic in
grams per 100 ml.

It was found necessary to run the hydroquinone monobenzoate
plastics in dimethyl formamide. Fortunately, these viscosities
were in the same range as the acetic acid.

In addition, the elongation and tensile strength were also de-
termined (2). Results of the physical tests and observations on
weathered panels are summarized in Table I,

The accelerated tests were made according to the ASTM pro-
cedure (3). This employs the combination of S-1 sun lamp and
fog chamber, which uses 20 hours of light and 4 hours of moisture
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Photomicrographs of Weathered Panels Exposed in Florida

Jpper row. Resorcinol monobenzoate
ower row, Salo
Exposed for 16, 20, and 24 months (left to right)

in each daily eycle. In this case the test was extended until the
test sample failed. Failure was taken as the point of develop-
ment of crazing when the 1.5 X 4 X 0.050 inch panel was flexed.
In these thinner panels flex crazing was usually rapidly followed
by surface crazing. Results of the tests on these inhibitors are
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Most of the inhibitors were synthesized in the authors’ labora-
tory. The phenyl salicylate used was obtained commercially from
the Dow Chemical Co. and used without further purification.
Guaiacol benzoate was obtained from the Eastman Kodak Co. and
used without further purification. The monomethyl ether of
resorcinol was obtained from the Eastman Kodak Co. and reacted
with benzoyl chloride by the Schotten-Bauman reaction to give
the monobenzoate derivative, The other compounds were made
by variations of the Schotten-Bauman reaction and were usually

recrystallized several times before using.
properties and reactions is given in Table I11.

Ultraviolet measurements were made with a Beckman Model
Measurements were made on the vari-

DU spectrophotometer.

A summary of these

ous inhibitors dissolved in isopropyl alcohol and on the 0.050-inch
strips run in the accelerated weathering test.
was chosen because it had no interfering bands in the near ultra~
Infrared measurements were also taken in the near infra-
red region using a Beckman model.

violet.

MECHANISM OF ACTION OF ULTRAVIOLET INHIBITOR

Isopropyl aleohol

The exact mechanism by which an inhibitor works is not known.
The compound absorbs ultraviolet light and disposes of the ah-
sorbed energy in a fashion harmless to the polymer chains.
traviolet absorption curves show a definite shift toward the visible
Most in-
hibitors develop a very slight yellowing upon exposure of the in-

upon exposure to ultraviolet light (see Figures 3 to 8).

Ul

shown in Table II. hibitor in isopropy! aleobol solution or in the plastic. This yel-
TasrLe I. OvrTpoor WEATHERING DaTA
Months of Exposure
Composition, Parts Property Location Blank 2 4 6 8 10 12 16 20 24
Cellulose acetate-butyrate (379 butyryl), 100 Flow temperature (1) Tennessee 285 282 283 281 280 281 278 275 274 276
Dibutyl sebacate, 12 Arizona 282 279 281 281 274 272 279 279 -
Salol, 1 Florida 280 281 281 284 266 275 278 275 .
Elongation, % Tennessee 35 36 33 27 27 33 32 28 25 22
Arizona 32 29 22 16 20 24 15 10 .
Florida 32 33 32 19 22 22 18 22 ..
Tensile strength, 1b./sqf inch Tennessee 4270 4380 4460 4040 3070 4340 4600 4030 3900 3860
Arizona 4350 4180 4040 4080 4060 3940 3980 3750 3590
Florida 4580 4340 4300 4070 4000. 3900 4125 4460 ..
Intrinsic viscosity Tennessee 1.40 1,33 1.37 1.32 1.32 1.29 1.41 1.32 1.17 1.23
Arizona 1.30 1.30 1.08 1.08 1.02 .. 1.06 0.76 .
Florida 1.36 1.40 1.23 1.32 1.27 1.20 1.14 1.11 1.05
Cellulose acetate-butyrate {(37% butyryl), 100 Flow temperature (1) Tennessee 286 285 283 283 279 .. .. 277 276 271
Dibutyl sebacate, 12 Arizona 282 281 281 285 275 274 281 264 269
Resorcinol monobenzoate, 1 Florida 287 285 281 287 268 265 276 278 278
Elongation, % Tennessee 30 31 32 31 30 31 .. 32 27 15
Arizona 28 28 25 29 29 22 19 24 ..
Florida 18 15 24 4 4 28 21 34 ..
Tensile strength, Ib./sq. inch Tennessee 4150 4540 4470 4450 4130 4180 .. 4250 4250 3700
Arizona 4270 4310 4500 4450 4320 4350 3870 4140 ..
Florida 42900 3220 4000 4550 4420 4060 4210 4450 ..
Intrinsic viscosity Tennessee 1.36 1.36 1.32 .. 1.35 1.35 .. 1.24 1.30 1.30
Arizona 1.33 1.18 . 1.18 1.33 1.24 1.05 1.03 0.90
Tlorida 1.34 1.27 1.20 1.16 1.29 1.27 1.09 1.15 1.08
Cellulose acetate-butyrate (379 butyryl), 100 Flow temperature (1) Tennessee 285 289 281 281 278 280 264 275 275 274
Dibutyl sebacate, 12 Arizona 282 278 273 281 266 .. 266 255 X
m-Methoxyphenyl benzoate, 1 Florida 282 281 282 269 265 272 273 277 275
Elongation, % Tennessce 10 35 36 35 26 35 31 33 23 26
Arizona 33 28 10 14 16 13 12 4 7
Florida 34 33 26 13 18 21 18 16 14
Tensile strength, 1b./sq. inch Tennessee 4300 4500 3290 4330 3940 4360 4720 3980 4190 4040
Arizona 4400 4040 4030 3840 397 3720 3790 2700 2520
Florida 4650 4200 3870 3830 3860 3870 3020 4440 4100
Intrinsic viscosity Tennessee 1.30 1.30 1.29 . 1.31 1.27 1.08 1.26 1.04 0.96
Arizona 1.30 1.23 . 1.02 0.94 0.92 0.8 0.61 0,65
Florida 1.23 0.94 . . 1,06 0.87 0.87 0.86 0.97
Cellulose acetate-butyrate (379 butyryl), 100 Flow temperature (1) Tepnessee 283 283 28% 280 279 280 28-}
Dibutyl sebacate, 1 N Arizona 285 285 285 284 285 285
Hydroquinone monobenzoate, 1 Florida 279 279 280 285 283 285
Elongation, % Tennessee 34 33 30 29 22 24 27
Arizona 32 28 24 18 7 8
Florida 34 32 28 29 24 10
Tensile strength, 1b./sq. inch Tennessee 4500 4540 4450 4600 4210 4230 4430
Arizona 4630 4450 4390 4120 4140 4000
Florida 4600 4670 4650 4470 40970 4120
Intrinsic viscosity Tennessee 1.50 1.899 1.55 1.54 1.60 1.51 1.48
. Arizona 1.51 1.50 . .. 1.27 1.15
Florida 1.6 1.52 1.58 1.61 1.50 1.61
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lowing could be caused by a breakdown or a photo-oxidatign
product of the inhibitor. Very little has been done to account
chemically for the color changes which oceur in the plastic during
weathering. Inhibited cellulose acetate-butyrate plastics usually
undergo some degree of yellowing which is maintained up to the
time of failure. At failure the plastic will bleach rapidly, develop
surface craze, and become brittle. Measurements in this labora-
tory have shown that the deterioration of the plastic begins at
the surface and slowly penetrates deeper. At the point where the
inhibitor is gradually used up and falls to a threshold concentra-~
tion, the resistance to ultraviolet light is then taken up by the
cellulose chains only, and rapid cleavage of these chains occurs.
Loss of plasticizer and inhibitor undoubtedly oceurs during out-
door exposure as the result of thermal and moisture effects.
However, plasticizer recovery on weathered samples does not
indicate ‘o high degree of loss. These results were checked on
Arizona samples which usually weather under very dry condi-
tions and show very little loss. These data indicate strongly that
a high degree of weathering damage is caused by photochemical
effects.  To date very little work has been done on careful analy-
sis of the breakdown products.

Unquestionably, the effect of moisture, particularly by alter-
nate wefting and drying, plays a very definite place in accelerating
breakdown. Hot and humid conditions will promote growth of
fungi. This is particularly true of the Florida samples. If the
inhibitor used could also act as a fungicide and antioxidant, it
would certainly have added value. However, as shown by oxy-
gen-absorption measurements under accelerated conditions, the
compounds considered here were not effective antioxidants and
were not used in sufficient concentrations in the plastic to be ef-
fective fungicides. .

Because the activity of the ultraviolet light has been shown (7)
to be a source of breakdown of cellulose acetate-butyrate plastics,
a study was made of the absorption characteristics of the com-
pounds under consideration. The ultraviolet region from 2900 to
4000 A. was covered. This represents about 5% of the total solar
radiation. The ultraviolet absorption spectra of benzene, phe-
nol, benzoic acid, salicylic acid, acetyl salicylic acid, m-hydroxy-
benzoic acid, p-hydroxybenzoic acid, salicylaldehyde, and phenyl
salicylate (salol) are shown in Figures 1 and 2. The spectral po-
sition of the wave length at which these compounds absorb their
maximum energy is of interest. Thus, phenol and benzoic acid
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Figure 2. Ultraviolet Absorption Spectra

have maxima e about 14 mg higher than that of benzene
while the increase in absorption of light energy is much greater.
The greater effect of the substitution of a hydroxyl group as com-
pared with substitution of a carboxyl group should be noted.
Disubstituted groups undergo an even greater shift toward
maximum absorption at longer wave length. Part of the better
absorption of the salicyl derivatives may be attributed to the
formation of a chelate ring which enhances absorption by being
present as another resbnating system. The drop in ahsorption
maxima is shown when salol is acetylated, destroying the chelate
system. This has been confirmed by outdoor tests which show
that the inhibiting effectiveness of salol is destroyed upon acetyla-
tion,

Absorption data on isopropyl aleohol solutions of salol and re-
sorcinol monobenzoate in a quartz vial before and after irradia-
tion under the S-1 sun lamp for 24 hours are shown in Figure 3.
Concentrations of the inhibitors were 0.1007 gram per 50 ml. of
isopropyl alecohol. A common characteristic of these curves is
that a substantial shift has occurred of the exposed sample to-
ward a higher maximum absorption at longer wave lengths and
over a wider range. The salol approaches a maximum absorp-
tion density of 1.45 at 3500 A. The resorcinol monobenzoate has
a maximum absorption density of 1.7 at a wave length of 3600 A.
The most interesting point is that the unexposed salol solutions
started with a maximum absorption of 1.15 at 3300 A., while the
resorcinol monobenzoate solution unexposed had a low absorp-
tion, reading only 0.22 at 3200 A. The exposure of the resorcinol
monobenzoate brought a rapid increase after only one hour to 1.1
at 3300 A.  Muech the same situation exists in the accelerated test
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TasLe III. PaysicaL DAra oN INHIBITORS
Melting Point, © C. % Carbon % Hydrogen
Litera- Theoreti- Theoreti- Method of
Compound Structure ture Found cal Found cal Found Synthesis
(1) Pheny! salicylate (salol), 42 41, 72.9 . . . i
o o AR O_C_OO 8 73.1 4.7 5.0 Commercial grade
benzoate) AN
! (0]
OH
(2) Methyl ether of phenyl 59 58-60 73.7 73.7 5.8 5.6 Lab thesi H
salicylate (phenyl o- Q—-C—-O— o ° ° aadgzg toesa{lsf(aﬁcne 's)quu(gf
methoxybenzoate) i \O ous solution of salol
OCHj
(3) Phenyl m-hydroxybenzo- 145-150 72.9 65.7 4.7 4.1 Lab synthesis, acid chlo-
ate —C—0 ride to alkaline solution
‘ AN of phenol
OH
(4) Phenyl m-methoxybenzo- 60 73.7 73.3 5.3 5.3 Lab synthesis, form m-
ate —C—0 methoxybenzoic  acid,
- N make_acid chloride, add
. (6] to alkaline solution of
OCH;, phenol

(5) Phenyl p-hydroxybenzo-
ate

o
(6) Phenyl p-methoxybenzo- 75~76
ate cmo@-c“oO
AN
(o}
(7) Resorcinol monobenzoate 134.5
(m-hydroxyphenyl ben- Q—O—-C—
zoate) i Il
OH
(8) Methyl ether of resorcinol
monobenzoate (m- —C—O‘Q
methoxyphenyl benzo- N
ate) o}
OCH,
(9) Catechol monobenzoate OH 181
{o-hydroxyphenyl ben-
zoate) é[:
(10) Guaiacol monobenzoate OCHs 57-58
(o-methoxyphenyl ben- |

zoate)

(11) Hydroquinone mono-
benzoate (p-hydroxy-
phenyl benzoate)

163

o= D00
0

87
oo~ o>

71
C OO

O

(12) Methyl ether of hydro-
quinone monobenzoate
(p-methoxyphenyl ben-

zoate)
(13) Phenyl benzoate

170~174 72.9 72.2 4.7 4.9 Lab synthesis, same as (3)

75 73.7 73.

-1
3
W
o

.4 Lab synthesis, same as (4)

132 72.9 73.1 4.7 4.9 Lab synthesis, benzoy}
chloride added to cool,
dilute, alkaline solution

of resoreinol

34 73.7 73.9

o
w
o
N

Lab synthesis, add benzoy?
chloride to dilute alkaw
line_ solution of mono-
methyl ether of resor-
%ingl (Eastman Kodak

o.

132 72.9 72,

~1
'
~3
'S

.7 Lab synthesis, same as (7)

.

.4 Guaiacol benzoate (East-
man Kodak Co.)

(=1
w
o

57-58 73.7 73.¢

163 72.9 72.8 4.7 4.8 Lab synthesis, same as (7)

87-88 73.7 73.38

o
i
[
o

Lab synthesis, same as (7)

64-72 78.8 78.6 5.1 5.2 Lab synthesis, same as (7)

on the plastic, as shown in Figure 4. The absorption curves have
been determined on the plastic before exposure and during a pe-
riod just before failure, The salol plastic reaches a maximum
absorption of 1.56 at 3500 A., while the resorcinol monobenzoate
plastics reach 1.65 at 3600 A. The shift of the absorption curves
in plastic is not so pronounced as in isopropy! alcohol. The
curves of both inhibitors shift approximately the same amount.
This levels out the differences noted in isopropy! aleohol solution.
It is thought that the solution absorption behavior of the inhibi-
tors is at least comparable to the absorption behavior in the plas-
ties.

Absorption curves for isopropyl alcohol solutions of salol and
its isomeric derivatives in quartz vials before and after irradiation
under an S-1 sun lamp are shown in Figures 5 and 6; curves for
the methyl ether of salol and phenyl benzoate are also included.
All curves show good absorption characteristics in the 2900 to
3600 A. region, phenyl benzoate being the poorest. On unex-
posed compounds substitution of a hydroxy! group in the benzoic
acid portion of the phenyl benzoates increases the absorption
maximum at a slightly longer wave length. The substitution in

the ortho position is the most effective in obtaining higher optical
density. This may be due to the formation of a chelate ring be-
tween the adjacent hydroxyl and carboxyl groups. Methylation
decreases the absorption maximum only slightly. The m- and p-
hydroxy derivatives follow in that order of effectiveness. After
irradiation a pronounced shift toward a higher maximum absorp-
tion at longer wave length is noted. The p-hydroxy substituted
compound has undergone the largest increase in optical density.
It is closely paralleled by the o-methoxy derivative, followed by
the o0- and m-hydroxy derivatives. These compounds shifted to
the largest extent in the 2800 A, region. If the efficiency of these
compounds as weathering agents is measured by the extent that
they shift to higher optical densities upon irradiation in isopropyl
alcohol solution, these curves would predict the most efficient
weathering inhibitor to be the p-hydroxy derivative. The other
derivatives would fall in the order: o-methoxy, m-hydroxy, and
o-hydroxy. The latter two are similar.

Similar data on resorcinol monobenzoate and its isomeric de-
rivatives are shown in Figures 7 and 8; m-methoxyphenyl benzo-
ate and phenyl benzoate are also included in this group. In the
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unexposed compounds the substitution of a hydroxyl in the phenyl
ring of the phenyl benzoate does not appear to have as much ef-
fect as the substitution in the benzoic acid portion. The hy-
droxyphenyl benzoates have only slightly shifted to a longer wave
length and higher absorption maximum. Irradiation, however,
produces a more pronounced shift than is found with the phenyl-
hydroxy benzoate isomers. The m-methoxyphenyl benzoate is
slightly better than the m-hydroxyphenyl benzoate, Irradiation
results with the catechol and hydroquinone monobenzoates are
obscured by their tendency to form quinones and discolor the
solution. On the basis of absorption shift upon irradiation, the
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most effective inhibitors should be the m-methoxy and hydroxy
derivatives. ‘

All of these phenyl benzoate hydroxy isomers and their methy!
ethers were subjected to the sun lamp-fog chamber setup for ac-
celerated weathering evaluation. These results are summarized
in Table II. As previously noted, failure in these tests was re-
garded as the first signs of crazing on flexing or development of
brittleness. While there is some latitude in interpreting these
points and some variance in test results, this accelerated weather-
ing procedure is a fairly reliable guide in evaluating inhibitors.
As can be seen from this test, phenyl benzoate is no better than
uninhibited material, The best inhibitor is resorcinol monoben-
zoate, which has the longest life of 1400 hours and does not de-
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inch layer milled off the exposed surface in hope of getting an ear-
lier indication of breakdown. Mechanical properties determined
were elongation and tensile strength. Fungi growth was noted
in the Florida samples. Generally, except for the color-forming
hydroquinone monobenzoate, the inhibitors developed slight vel-
lowing after one month’s exposure, but this color did not increase
with time. Where possible, viscosities were determined on pan-
els exposed up to 2 years.

It was noted that the weathered hydroquinone monobenzoate
plastics would not completely dissolve in acetic acid, even in the
case of the sample exposed for 2 months. This may be explained
on the basis of oxidation of the hydroquinone to quinone and then
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velop color. Its methyl ether is rather poor at 588 hours, which
does not correspond with its absorption curve. The next best in-
hibitor is hydroquinone monohenzoate, but this could be attrib-
uted to effectiveness of the development of color in aiding the in-
hibiting action. Next in order come salol, catechol monobenzo-
ate, the methyl ether of salol, and p-methoxyphenyl benzoate.
Exclusive of color formation, the absorption curves of these com-
pounds which undergo a considerable shift upon irradiation have
possibilities as good weathering inhibitors. The poorest correla-
tion was obtained between the absorption curve of the m-meth-
oxyphenyl benzoate and its accelerated weathering performance.

Absorption curves and accelerated weathering tests in com-
pounds may be guides to their value as inhibitors, but outdoor
tests serve as the final eriteria. Only four of this group of inhibi-
tors have been exposed to outdoor conditions in Florida, Arizona,
and Tennessee, These include salol, resorcinol monobenzoate,
m-methoxyphenyl benzoate, and hydroquinone monobenzoate.
Previous work (4) has shown that the use of an effective inhibitor
as salol so reduces the breakdown of the cellulose chain that long
exposures are necessary before appreciable breakdown can oceur.
For this reason intrinsic viscosities were determined on a 0.010-

to polymeric quinone compounds.

The color formation is typical

of the hydroquinone-quinone oxidation. If this mechanism is the
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Figure 10, Tensile Strength

1 X 105 pounds per square inch
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T onear] ] T § tion and ultimate tensile strength, are not as indicative, as they
w R Z ; RESORCINOL MONOBENZOATE are sensitive to the surface imperfections developed during expo-
a 180 !E - R HYDROGUINONE, MONOBENZOATE ™ sure, and they are based on the entire thickness of the plastic rather
2 20 %1 =K - ""#g.—.—-fi—_—_—"_—‘,z than on the surface. Tensile strengths show no significant trend
5 \\},;w,‘; (Figure 10). However, elongations of the plastic fail noticeably
80 in the more severe climates (Figure 11). Plastics protected by
resoreinol monobenzoate show only a slight drop in elongation,
5 80— Salol, hydroquinone monobenzoate, and m-methoxyphenyl ben-
2 3 2. zoate again fall in that order. Two years’ exposure of the m-
g 1202 [ J— “* -------- Z 5 methoxyphenyl benzoate drops the elongation from 609 to only
a0 R e P S A e about 10%,. .

\\\Ts’_‘_— 5 The visual observation of development of checking on flexing,
< 180 S — S surface crazing, and brittleness is correlated with the exposure
= 7,_£ll _______ \E time in Figure 12. Lines with broken ends indicate continuing
2 1203 S M S S =2 tests. Various salol inhibited plasties have shown signs of check-

\~3 P i __4_-§‘32 ing on flexing from 12 to 20 months in Arizona. In thisparticular

~—5 2 3 R R  aa test the salol plastics first checked in 16 months, while resorcinol

MONTHS EXPOSURE monobenzoate checked on flexing at 24 months. The more im-

Figure 11. Per Cent Elongation portant property from a commercial viewpoint is the surface

crazing. In Arizona or Florida

salol ran for 20 to 24 months

CRAZING BRITTLENESS CHECKING ON FLEXING without surface crazing, while

MONTHS MONTHS MONTHS resorcinol monobenzoate

AREA INHIBITOR O 10 20 30 o] 10 20 30 0 10 20 30 lasted for 30 months. m-

W No INMBITOR L { \ B - l Methoxyphenyl benzoate be-

b SaLoL ! gan checking on flexing at 8

% Rrwme } | months in Arizona or Florida

Z  METHOXY : } and began surface crazing at

e PHENYL Bz. ’ 20 months. Hydroquinone

Ha.MB rm— | monobenzoate had been ex-

{ i posed for only 12 months and

< Vo WNWiBITOR = i — 3 was substantially unchanged

z :‘;"-;L ) | at that time. Slight checking

N | could be detected on the
E m- METHOXY PR .

E  PHENVL Bz l Arizona sample. In the case

Ha.MB | of the Tennessee samples,

° . 1 - surface crazing failed to show

NG INHIBITOR  |== = | ’ =) up after 36 months’ exposure

< saLoL S SSSS for resorcinol monobenzoate,

E RMB = ; 24 months for salol, and 20

©  mM-METHOXY |recmweemmm months for m-methoxyphenyl

o ::E':;L Bz. \ benzoate. Usually, after the

' i initial development of surface

Figure 12. Outdoor Weathering Flexibility of Cellulose Acetate-Butyrate Plastics

cause of the changes, it is another example of the photochemical
nature of the weathering resistance of the ultraviolet inhibitor.
Quinone itself is soluble in acetic acid, but is usually rapidly con-
verted to the polymeric form. This product apparently has value
as an inhibitor, since the cellulose acetate-butyrate plastics con-
taining the polymeric quinones were substantially unchanged at
the end of one year, Intrinsic viscosities of these acetic acid-
insoluble plastics were run in dimethy] formamide. These di-
methyl formamide viscosities were comparable to acetic acid, but it
is still possible that the polymeric quinones may have influenced
the viscosities. :

The viscosity of 0.010 inch of exposed layer gave the quickest
indicatioh of breakdown (Figure 9). This is especially true of
samples weathered in Arizona, where the atmospheric conditions
are relatively free of contaminants and not conducive to fungus
growth. In Florida the hot and humid elimate developed a cov-
ering of black fungus which blanked out much of the light. Local
conditions in Tennessee covered the samples with a layer of ce-
ment dust and factory dirt from smoke and tar sources. The in-
trinsic viscosities in Arizona samples show most clearly that re-
sorcinol monobenzoate is the best inhibitor. Salol is next, fol-
lowed by the hydroquinone monobenzoate and m-methoxyphenyl
benzoate. Measurements of mechanical properties, as elonga-

crazing, the test panels re-
tained a fairly high degree of
flexibility.

In the reporting of these data it should be remembered that
protection is being given to the polymeric system cellulose ace-
tate-butyrate—dibutyl] sebacate. A change of base material may
produce a marked change in weather resistance. A change in
plasticizer can also affect the weathering resistance,
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