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INTRODUCTION

The reactivity of paint systems 1s a phenomenon whioh is
frequently encountered and 1 of great pracstical Iimportance. In the
case of some plgments it bpcomes a decialve factor in determining
their use in such systems. .One group of plgments which shows suffi-
olent reactivity to make it of primary ooncern 1a that known as the
"Raphthanil® ¥aroons. The members of this group (eg. RT-501-D, RP~551~D)
show varying degrees of reactivity, some to the extent that preclude
their use In alkyd enamels.

"The earlier studies of this problem were largely directed
towards the practical goal of controlling the reactivity of specific
pigmenta, These have not generally met with success and have yielded
practically no insight into the physiocal and chemical changes assoclated
with reactivity. The study which is desorlbed in this report was under~
talen with a view to elucidating the processes involved in reactivity.
It was oconsidered posaible that such fundsmental informati on would
gerve to provide a more intelligent approach to the practical control
of the resotivity of specific pigments, Beosuse of the importance of
this phenomencn for "Naphthanil" Maroons, as well as the importm ce of
the plgments thamselves, and because information was availasble from
proviouz studles, the experimental work in this study was conducted
with thess plgments.

- SUMMARY AND CORCLUSIONS N
kg

l. The reactivity of "Naphthanil" Maroons in alkyd enamels
involves an e ssentially reversible lnorease ln the apparent viscosiby
of these systems., The rate of this process increases rapidly with
increase in temperature although the temperature cosfficient may not
e the same for all syatems,

2. During thils process the enamels develop a thixotrople
structure. Under certain conditions, commonly encountered, this develop=
ment will proceed to the point where the system does not flow under
gravity (gelation),

&, Although only soms of the enamels are Newtonian initially
(viscosity independent of rate of shear), all can be made 80 by suffi~
clent atirring., Furthermore, even after gelatlon has occurred, stirring
can convert the system to a Newtonian one even though the value of the
viscoaity may be several~fold greater than the original figure.

4+ The resctivity of the "Naphthanil” Maroons does not
appear to involve signirficantly any irreversible chemical changes
including, in particular, the polymerization of the vehicle.

65+ The apparent viascosity of undisturbed aged enamels 1s

very sensitive to mechanical dlsturbances such as sbtirring. This means
that it is praotically impossible to obtaln a meaningful measurs of
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viscosity with any of the usual Instruments, vYoth because the system
is constantly chamgling and bocavse an experimental distinotion betwesn
yield value and viscoslity is not made, In further work along these
lines it 1is suggested that an experimental tecimlique be employed which
will furnish a quantitative measure of thixotropy and yleld value.

6. Spectrophotometrlic studles have revesled that the
"Haphthanil" Maroons contein oconsiderable quantities of non~colored im-
purities, to the extent in some cases of about 304, However, these
impurities have not been shown to affent reactivity elther for better
or for worse, _

 7s The attempt was made to determine the influence of ths
nature of the thinngr on the reactivity of ths enamel but clear~cut
results were not obtained, It was observed, however, that substitution
of 244 of the mineral spirits, the thimmer generally employed, by other
solvents, 4id significantly affect the visoosity of the enamel. This
was most pronounced in the osse of butanol, by the use of which a
8=f0ld roduction In the visvoasity of the vehicle was noted and a
2-rcld decrease in the vigooaslty of the enamel, The latter decrease
was £l80 cayried over after aging had greatly imoreased the #iscosities
of the enamels under comparilson,

8, HNany factors are involved iIn determining the reasctivity
of an enamel. Aslde from the relative proportions of the several
components, the nature of the vehlcle and thinner are lmportant.
4s far as the plgment 1s concerned, its particle size snd probably
shape are Ilmportent factors, ?inau{nthe structure and composition
of the plgment surface as it exists in the dlapersed system ia of
primary lmportufios. This last factor is perhaps the one whiock is most
fonslbly controlled in the pigment synthesis.

9. The results of this study have not lead to any single
means for the control of the reactivity of "Haphthanil® Marvoons. Any
further work of a fundamental nature should involve a study of the
- surface struotupre of the pigment and its bearing on reactivity. In

addition it would be desireble to determine the importance of particle
sizge using purified samples of ths same chemieal oomposition.

GENERAL DISCUSSION
In this study attention was directed towards two chemiocal
};ﬁms of "Haphthanll" Maroons. They result from the couplings of

S«nitro~2~amino anisole with "Naphthanil" AS~D, and (2) p-chlor=
o-nitro aniline with "Naphthanil® A8-D.
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The alkaline coupling of the former type (1) is the basis for the
manufacture of RT?-551-D. In the latter case (2) the acild coupling
gives RT«500«D and the alialine coupling RT-~B01-D, Of these, RT~551+~D
and RT-501-D are regarded as presenting serious reactivity problems.
Moat of the experimental work was done with enamels prepared from
these two pigments.

. Cne of the characteriastic properties of the enamesls atudied
iz the development of thixotropy on aging, Thia 1s manif'ested, for
oxample, by the obgervation that the apparent viscoslity of aged

enamals continually decreases during measuresment, and also by the fact
that rapid stirring may cause a several~fold deorease in the apparent
viscosity, Even when gelation has cocurred on aging overnight at

120¥PF,, rapid stirring can reverse the process and produce an enamel
which flows readlly. Thisz reversibllity ¢an be carried almost to com-
pletlon 1f sulficient mechanicsl work 1s done on the system., It is
signifiecant that the amount of work required to bring about a specified
decrease in viscosity incresses rapidly as the viscosity decreases.The
importance of the thixotrople change in explaining the reactivity process
s underlined further by the fact that even with an enamel conbtaining
only 2.6% pigment, a thixotropic structure develops. The reversibility
of the process permits one to conclude that such irreversible chemical

changes as the polymerization of the vehicle are not significantly in~-
volved Iin the reactivity of the enamels studied.
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In attempting to explain the thixotropic behavior of these
enamels in terms of the interaction between pigment and vehlicle, it is
usefl %o introduce the concept of order and to indleate how ths
degree of order In a system may affect its flow properties. This may
bo done simply by considering the fact that water ocan exist both as a
1iguid end as a solid at 0°C. The solid form is assoclated with the
faet that the Bge molesules are arranged in an ordered orystalline
structure, wheréas in the case of the liguid the geometrioal relations
of the Hp0 moleoules are much lesas fixed. Likewlse in the cass of
thixotrople enamels it must be assumed that there 1s to some degree
an ordered arrangement of the pigwent partlcles. It may alao be
reasonably assumsd that, depending on the degree of thixotropy and
assoclated with the ordering of the pigment particles, there will be
an ordering of at least a portion of the alkyd molecuiea of the vehicle.

The experimental results obtained in this study can be
acoounted for, at least guallitatively, by en interprebation of the
reactivity process in terms of oriented adsorption of alkyd on the
pigment surfeace. Thes ollw-modifled allkyd used in this study consists
of long chain wmolecules composed of glyceryle-phthalate residues with
the fatty acid chains bonded to the Jecarbon atom of the glycerol
resldua, It appears necessary to assume that in the case of pligmenis
which show reactivity that there is adsorption of alkyd molescules on
the pigment surface, otherwise it would be expected that the pigment
would settle out, This view 1s supported by the observation that in
the enamel made with RT»436+-D, which is non~reactive, the pigment does
settle ont to form a vake. DBecause of the polarity of the glyserol-
phthalate residuve and the length of the chain composed of these residues
on the one hand, and the probvable polarlity of the plgment surface on the
other, 1t 13 to be expected that the adsorption involves orlentation
of the elkyd molecules, This orientation would be such that the alkyd
chain would Uieflat on the orystal face and the fatty =soid chains
would be more or less perpendicular to the surface, Beoause of the
fixed pogition and orlentation of the first strongly adsorbed layer,
further ordsri g:{ma this layer would ocsour elther in the sense of
the formation of multli-layers or In the sense of extending the order
fato the liquid. The latter effect would be in some respects similar
to the role played by orystalling nudsl in precipitation processes.

On the bagls of the above ploture the thixotropic structure
would develop as the relative positions of an Inorsasing proportion of
the plgment partlcles and the alkyd bdecams fixed. When the order had
developed to the stage wheore it was continuous throughout the entire
volume, the aystem could be regarded as gelled and would so behave,
On stirring, the system would break down at the weakest points, i.e.
where the bonds were few or the bdind energy small, and form what
might be called "gelates", These would be gelled struoctures similar
to the original gel but much smaller in volume. The motion of these
gelates would be more or less independsnt of each other depending on
their number. It is then easily seen how after a certaln amount of
Btirring the system could stlll show Newtonian beshavior even though
its viscosity had inereased over the original value. This picture
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then accounts for the experimental obgservations in which gelled enamels
bohaved as Nowtonian systems although thelr viscosity after stirring
was mch greater than before aging. The inerease of viscoaity in the
presence of "gelates" arises from the faot that the Ygeolate” immobilizes
a portion of the liguld phase and brings about an lntrease in the
affestive volume fraction of solid, : :

The increasing resistance to viscosity change as stirring
continues can be explained in terms of the slze of the "gelates".
At a given stirring speed the shearing stress to which a “gelate"
is subject diminishes as 1ts size dooressos. At a certain size this
stress will be insufficlent to reduce further the "gelate" z0 that
the viscosity will tend to remain constant,

SUMMANY OF EXPRRIMENTAL DRTAILS

1, Ppeparation of enamels.

The enamels used in this work were prepared by grinding in
one pintiggra for 85 howrs on the roller mill the following quantities
of material:

pigment - 30,0 grams
vehicle (GE=2458 or Aroplaz 1320)« B4.,0 "
mineral spirits - 36,0 7
steel shot ~800 "

The vehicle usually used was the allktyd CE~2458 except for a short
poriod durlng which Aroplaz 1380 was used as a substitute, After the
grinding period 150 grams of additional vehlecle were added and the
mixture ground for an additionsl 1/2 hour. The enamel was pasased
thpough & coarse gloth filter and usually placed In seversl £ oz.
bottles. No driers were added, to avoid skinning and other possible
somplications., The presence of drier does not seem to be a significant
fastor in the rsastivity., Accelerated aging was ordinarily carpied oub
in a lzg"i". oven although in one experiment e temperature of 190°P,

Wad used.

2. Yiscosity messuvement.

For the measurement ol viscosity the Brookfleld viscosimeter
(Model LV~4 speed) was employed., This 1s a rotational type of instrument
and 18 convenlent because it permits the uase of four speeds and four
different spindies covering a range of viscosity in terms of fullescale
deflection of 100 to 10GO00 centipoises. Also the viscoslty ia read
directly in abgolute units of polises. Measurements were usually made
with the guard removed and the spindle immersed in the 2 oz. jar ocontaln~-
ing the enamel. Under these ciroumstances a correction must be made
before the deflection ocan be converted inte ebsolute units, To avoid
varliations due to tempersture flugbnations, all viscosity measurements

DUP050150675




u? -

wore made at constant temperature by ismersing the jJjars to sbout
1/2 insch from the top in a constant temperature water bath maintained
gt 28.1%C,

Ingsmuch &8 most of the enamels were gelled after agi
overnight at 120%P,., 1t was necessary to set up some standardize
stirring procadure to obtain maanln%ful values of wiscogity, It was
Tound most useful to stir the snamel for 5 minutes in thse babth with e
high speed "Lightning" stirrer. This was sufficient to convert the
enamel to a Newtonlen system but not to ellminate completely the effect
of agings The Newtonlan character of the enamels was ascertained by
making viscosity determinations at several speedsa,

Se gg!ﬂxaal of M'
the

The mveru% of /aging process insofar as viscosity increase
is oonserned cam be illustrated by an enamel of RT-551-D (1205-8Cg)
containing 54 pigment. This had an {nitisl viscosity of 4,08 poises
and after 3 hre. at 190"F, hed gelled, S8tirring for five minutes
destroyed thas gel structure and gave a Newtonian system with s
visasosity of 8.4 poises. Five ainutes additional stirring further
reduced the viscosity only slightly to a value of 7,7 polses., The
enamel was then ground on s jar rolling mill with steel shot for 3
days., Thils led to a fupther redustion of wviascoslty with a value of
6.2 poloes. These results show that alter considerable aging the
enamel can be brought back almoast to its original state, as far as
viscoaslty is conoernsd, i1f suffislient mechanical work is done on it,

4, BRate of v oslt 026 v

: To determine the rate at which the systems change on aging
enamels were prepared from RT-501-D (lot 8353) end RT-B51-D (Lot G33%),
These were made using CE-2458 as the vehiocle and contained 10% of
pigment by welght. Viscositles were determined after 4 hour aging
intervalas, as well as 16 hour intervals at 120°P. The measurementa
were praceded by the usual B minute atirring period, In additlion to
the study of the enamels, parallel measuroments were made on an unplig*
mented control to observe the effest of elevated temperature (130"?)

on the vehicle itself,

The results are presented in the graph of Flg., 1 where vis~-
cosity Iin poises 1w plotted against aging time in houra, In the first
plaoe it should be noted that whereas the initial viscosity of the
vehicle is 1.56 poises, that of the RT~551~D enemel 1s 3.88 polses and
of the RT-801~D enamsl 7.8 poises. The differsnce in the last two
valuss suggeats that the RT-BUOL-D has rescted in the grind, Both
enamela show the characteristic rapid initlal rise in viscosity and
the slow linear increass beyond this. It is also of interest Zo note
that the RT=501~D snamel develops considerable thixotroplc structure
on stending ovemnight at room temperature whereas the RT=551-D enamel
does not. The effect of aging, for the period here involved, on the
viscosity of the vshiole alone is seen to be slight,
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In order to atudg the thixotropie behavior of a syatem of
low pigmentation, an enamsl made with CE-2488 end containing 10% of
nr-381~D (lot 8338) was dlluted with the appropriate combination of
thinner and vehicle to give & 2.5% ensmel. The combination was such as ¢
to malntain the ratio of alkyd to thianer constant. The enemel wes then
eged at 120°F, for successive periods of 17, 19, 21, 22 and 65 s, o

a total of 144 hra. Viscosity meapurements were nade after each period
both before and afbter the standard stirring proceduwrs, ‘

o - The data sre sumparized In Flg. 2 vhere vtscasﬂ;z in poises
is plottod against total aging time, Two velues for the wiscosity arve
Lndf-vca?wa at sach of the soveral total asini‘gerio&s, the upper set
repregenting the measurement made before stirring and the lower set
those after stivring. The latter are connected by s smooth surve which
shows the femilliur rapld inltial rise in vs.&coaz.eg and then the slow
~linegr increase., The former do not represent stable visocosities because
oven the relatively slight stirring involved in the mpasurement csused
a sontinuous decrvass in the readings The datae oclearly revesl that
oven st this low pigmentation a thixotropic structure develops.

Becauge of the presence of "Naphthanil" AS~D as an impurity
in both RAT-50L-D md RT-551-D an oxperiment was. carried out to deter—
- mine 1ts role in affecting reactivity. 107 ecnamels of RT=551-D
(1ot 27614) were prepaved with Aroplaz 1380 to which were addsd ,
0, 10 and 20% of "Naphthanil® AB«D on a pigment basis, The enamels
- were aged at 1g0°F, for a total of 184 hours with viscosity determina-
tiona being carried out at intervalas., No significant differences were
found among the three systems. AbSEmpte to determine the reactivity
of purified samples of the pigments were unsuccessful because of the
Aifficulty In rewoving nore than & fraction of the impurities,

T Egggct of t&gwg.

On the basls of the fact that the viasscsity of allkyd soluvtions
varies considerably with the solvent employed, 1t was degided to
svaluate the effest of the nature of the thinner on the reactivity,
Enemels wers prepared containing 107 of RT=-551-D (lot 8358) and
QE~3458 with the substitution of 247 of the total minersl spirits by
several thimnera, The enamels were aged at 120°F, and viscosities
determined before and after aging. Table I below listas the substitute
thinmers and relative viscosities of the corresponding enamels both
inttially  end sfter 64 hours at 120°PF,

TQ%_I%- Ie

Effect o %" r

Thirm &84 hra.
ﬁ?neﬂ 4641

Spirita 18,8

Solvessol #2 10:4 29 :3
Hexana 17.4 43.4
Tolusue 11,1 25.2

Butanol Ted 22.7
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& value of the relative viscosity of 10 goyreaponda to sn aetual
vigcosity of 2.95 polses, It is olear thet the vissosity both bafore
and alfter aging ls very sensitive to the kind of subatituted thinner,
The loweat values are obtained with butanol, probably beecause of 1ts
polayr charactor,

g Favhbhantl

, In connection with the possible role of lmpurities as a

factor in reactivity, spectrophotometris studies were mede of several

- maroons. It was found posaible to determine the purdty of & tiw

~ oular maroon by comparing its absorption with that of & purif og@if
semple. Purity detomcinations wers mads in this way for RT-500SD,

RP«503+D and RT-E81+D, Bince the first two g% ts are made foom

the sane components a purified sanple of RT-801-D; assumed to be

of 100% purity, was used as the standard for thems Por RT«S81-D a

purified sample of the plgment was employed.

The sbsorption aspectra of purified RT«BO1~D and purifded
RT=861=D {n solution are given in Pigs, 3 and 4 respectively. They
consist of a plot of optical density versus wave~length for the rarvge
of 320 millimiercons to 680 millimiercna. The sbasorption was measured
with the Backman Speotrophotomster ab e concentration of 2,00 mg/X00 co
chloroform with a cell length of 1 cms In tha oase of RT»E0L-D the
absorption maximum ocours at e wavelength of 886 millimlerons and with
RP«851«D at 880 millimicrons, Sines the lmpurities do not absord
- significantly in the reglion of maximm sbsorption, the purity of =
sauple could be obtained directly from the ratio of 1ts optical density
to that of the standard at the wavelength of maximum sbsorption, In
this way the pue@liien of the thwee plgments were detarmined with the
following vresults? '

Haroong..

Pigmenb Purity
RTe800=D {SD-480585) 88,58
RT«501-D (lot em; 7042%
RT=B51~D {lot 8834 82,885

Though these pigmonts contain considerable impurities as the abovs
rogults 1lndicate,it has not been possible to determine to what extent
they influence the reactivity of the plgments,

REPERENOES 1

1. Visocosity studies ~ NB-1208,
- 2 Spectrophotometric studies ~ NB-10ll, Expts, 31, 32,
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