
Serial ifi''46-87 

Copy No. /

E. 1. DU PONT DE NEMOURS & COMPANY 

PIGMENTS DEPARTMENT 

256 VANDERPOOL STREET 

NEWARK, NEW JERSEY

%

\

Ni

l

*

NEWARK PLANT 1 

PIGMENT COLOR RESEARCH REPORT

Final Report

Reactivity of “Faphthanll" Maroons 

February 1946 to June 1946-
Period Covered >

FILE.- 231

DATE: 1“6~47

N41561

DUP050150669



Serial No. KN-46-87

Copy No. /

Copy to:

#1 - Numerical Pile 
2 - Research Offloe (221)
5 - Library Pile (221)
4 - Imperial Chemical Industries Ltd.
c w ft ft W W
Q m || fl tt »t

7 - Physics Laboratory
8 - W. F. Spengeman
9 - A. Siegel/A. A. Brlzaolara

10 - Extra 
n - »

NEWARK PLANT

PIGMENT COLOR RESEARCH REPORT 

Pinal Report

Title: Reactivity of ”Naphthaniln Maroons.

Period Covered: February 1948 to June 1946.

SUBMITTED BYi P, KARUSH DATE SUBMITTED: 12-24-46

APPROVED BY: B. H. PERKINS DATE ISSUED: 1-6-47

N41561.01

DUP050150670



in t r o d u c t io n

The reaotivlty of paint systems is a phenomenon which is 
frequently encountered and is of great practical importance* In the 
case of some pigments it becomes a decisive factor in determining 
their use in such systems* -One group of pigments which shows suffi­
cient reactivity to make it of primary oonoem is that known as the 
"NaphthanilM Maroons• The members of this group (eg. RT-501-D, RT-551-D) 
show varying degrees of reactivity, seme 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 
pigments. These have not generally met with success and have yielded 
practically no insight into the physical mad chemical changes associated 
with reactivity* The study which is described in this report was under­
taken with a view to elucidating the processes involved in reaotivlty.
It was considered possible that such fundamental informatL on would 
serve to provide a more intelligent approach to the practical control 
of the reactivity of specific pigments. Because of the importance of 
this phenomenon for "laphthanil" Maroons, as well as the importance of 
the pigments themselves, and because information was available from 
previous studies, the experimental work in this study was conducted 
with these pigments*

SUMMAm AND CONCLUSIONS .

1* The reaotivlty of ’'laphthanil" Maroons in alkyd enamels 
involves an e ssentially reversible Increase in the apparent visoosity 
of these systems. The rate of this process increases rapidly with 
increase in temperature although the temperature coefficient may not 
be the same for all systems.

2* During this process the enamels develop a thixotropic 
structure* Under certain conditions, commonly encountered, this develop­
ment will proceed to the point afeere the system does not flow under 
gravity (gelation)*

3* Although only some of the enamels are Newtonian initially 
(visoosity Independent of rate of shear), all can be made so by suffi­
cient stirring* Furthermore, even after gelation has occurred, stirring 
can convert the system to a Newtonian one even though the value of the 
viscosity may be several-fold greater than the original figure.

4* The reactivity of the wNaphthanil" Maroons does not 
appear to involve significantly any irreversible chemical changes 
Including, in particular, the polymerisation of the vehicle*

5* The apparent viscosity of undisturbed aged enamels la 
very sensitive to mechanical disturbances such as stirring* This means 
that It is practically Impossible to obtain a meaningful measure of
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viscosity with any of the usual Instruments, both because the system 
Is constantly changing and because mi experimental distinction between 
yield value and viscosity is dot mads* to. further work along these 
lines it is suggested that an experimental technique be employed which 
will furnish a quantitative measure of thixotropy and yield value •

6* Spectrophotometric studies have revealed that the 
"STaphthanil* Maroons contain considerable quantities of non-colored Im­
purities, to the extent in some oases of about 30#* However, these 
impurities have not been shorn to affect reactivity either for better 
or for worse.

7* The attempt was made to determine the influence of the 
nature of the thinner on the reactivity of the enamel but clear-cut 
results were not obtained* It was observed, however, that substitution 
of 24$ of the mineral spirits, the thinner generally employed, by other 
solvents, did significantly affect the viscosity of the enamel*' Thi# 
was most pronounced in the case of butanol, by the use of which a 
S-fold reduction in the viscosity of the vehicle was noted and a 
g-fold decrease in the viscosity of the enamel* The latter decrease 
was also carried over after aging had greatly Increased the viscosities 
of the enamels under comparison*

8* Many factors are involved in determining the reactivity 
of an enamel* Aside from the relative proportions of the several 
components, the nature of the vehicle end thinner are Important.
As far as the pigaent is concerned, its particle size and probably 
shape are important factors* Finally the structure and composition 
of the pigaes&t surface as it exists in the dispersed system la of 
primary impc»d»8®0Bfc. This last factor is perhaps the one which is most 
feasibly controlled In the pigaent synthesis*

9* The resints of this study have not lead to any single 
means for the oontrol of the reactivity of "Haphthanll” Maroons* Any 
further work of a fundamental nature should involve a study of the 
surface structure of the pigment and its bearing cm reactivity* £n 
addition it would be desirable to determine the importance of particle 
size using purified samples of the same chemical composition*

GESERAL DlgargglOt

In this study attention was directed towards two chemical 
types of "lapflbthsaail” Maroons, They result from the couplings of 
(1) 5-nitro-2-aHd.no anisole with “Haphthanll* A8-D, and (2) p-chlor- 
o-nitre aniline with ”Haphthanilw AS-D#

DUP050150672



RT-551-D

5-nitro-2- 
amino anisole

H

"Waphthanil” AS-D

RT-500-D
RT-501-D

p-chlor-o- "Naphthanil” AS-D
niteroaniline

The alkaline coupling of the former type (1) is the basis for th® 
manufacture of RT-551-D. In the latter case (2) the acid coupling 
gives RT-500-D and th© alkaline coupling RT-501-D, Of these, RT-551-D 
and RT-501-D are regarded as presenting serious reactivity problems*
Most of the experimental work was done with enamels prepared from 
these two pigments*

One of the oharaoteristie properties of the enamels studied 
is the development of thixotropy on aging* This is manifested, for 
example, by the observation that the apparent viscosity of aged 
enamels continually decreases during measurement, and also by the fact 
that rapid stirring may cause a several-fold decrease in the apparent 
viscosity* Even when gelation has occurred cm aging overnight at 
120,JF,, rapid stirring can reverse the process and produce an enamel 
which flows readily. This reversibility can be carried almost to com­
pletion If sufficient mechanical work Is done cm the system* It is 
significant that the amount of work required to bring about a specified 
decrease in viscosity increases rapidly as the viscosity decreases .She 
importance of the thixotropic change in explaining the reactivity process 
is underlined further by the fact that even with an enamel containing 
only 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 in the reactivity of the enamels studied.
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Tax attempting to explain the thlxotropio behavior of these 
enamels In terms of the interaction between pigment and vehicle# it Is 
useful to Introduce the concept of order and to indicate how the 
degree of order In a system may affect its flow properties* This may 
be done simply by considering the fact that water can exist both as a 
liquid and as a solid at 0®C. The solid form la associated with the 
fact that the %0 molecules are arranged in an ordered crystalline 
structure# whereas in the ease of the liquid the geometrical relations 
of the HgO molecules are much less fixed. Likewise in the case of 
thixotropic enamels it must be assumed that there is to same degree 
an ordered arrangement of the pigment particles. It may also be 
reasonably assumed that# depending on the degree of thixotropy and 
associated with the ordering of the pigment particles# there will be 
an ordering of at least a portion of the alkyd molecules of the vehicle.

The expend mental results obtained in this study can be 
accounted for# at least qualitatively# by an interpretation of the 
reactivity process in terms of oriented adsorption of alkyd on the 
pigment surface. The oil "modified alkyd used in this study consists 
of long cheSst molecules composed of glyceryl -phthalate residues with 
the fatty acid chains bonded to the Jpparbom atom of the glycerol 
residue. It appears necessary to assume that in the case of pigments 
which shew reactivity that there is adsorption of alkyd molecules on 
the pigment surface, otherwise it would be expected that the pigment 
would settle out. This view is supported by the observation that in 
the enamel made with RT-4S6-D# qfrioh is non-reactive, the pigment does 
settle out to form a cake. Because of the polarity of the glyearol- 
phthalate residue and the length of the chain composed .of these residues 
on the one hand# and the probable polarity of the pigment surface on the 
other# it is to be expected that the adsorption involves orientation 
of the alkyd molecules. This orientation would be such that the alkyd 
chain would lie flat on the crystal face and the fatty acid chains 
would be more or less perpendicular to the surface # Because of the 
fixed position and orientation of the first strongly adsorbed layer# 
further ordering beyond this layer would occur either in the sense of 
the formation of multi-layers or in the sense of extending the order 
into the liquid. The latter effect would be in some respects similar 
to the role played by crystalline aud&i in precipitation processes.

On the basis of the above picture the thixotropic structure 
would develop as the relative positions of an increasing proportion of 
the pipaent particles and the alkyd became fixed. $hen the order had 
developed to the stage where it was continuous throughout the entire 
volume, the system could be regarded as gelled and would so behave.
On stirring# the system would break down at the weakest points# l.e. 
where the bonds were few or the binding energy small# and form what 
might be called "gelates". These would be gelled structures similar 
to the original gel but much smaller in volume. The motion of theee 
gelates would be more or less independent of each other depending on 
their number. It la then easily seen how after a certain amount of 
stirring the system could still show Newtonian behavior even though 
Its viscosity had increased over the original value* This picture
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then accounts fop the experimental observations in which gelled enamels 
behaved ae Newtonian systems although their viscosity after stirring 
was mush greater than before aging. The increase of viscosity in the 
presence of "gelates” arises from the fact that the Ageist©* immobilises 
a portion of the liquid phase and brings about an increase in the 
effective volume fraction of solid.

The increasing resistance to viscosity change as stirring 
continues can be explained in terms of the alee of the Relates"•
At a given stirring speed the shearing stress to which a “gelate** 
is subject diminishes as its else decreases • At a certain size this 
stress will be insufficient to reduce further the wgelaten so that 
the viscosity will tend to remain constant*

SWmm OP EXPERIMENTAL DBT&IL8

1. Prewar at ion of enamels.

The enamels used la this work were prepared by grinding in 
one pint Jars for SS hours on the roller mill the following quantities 
of material:

pigment - 30,0 grams
vehicle (QE-2458 or Aroploz 1320)- 84.0 «*
mineral spirits - 36.0 "
steel shot -600 w

The vehicle usually used was the alkyd CE-2458 except for a short 
period during which Aroplas 1380 was used as a substitute. After the 
grinding period 150 grams of additional vehicle were added and the 
mixture ground for an additional 1/2 hour. The enamel was passed 
through a coarse cloth filter and usually placed in several 2 os. 
bottles. No driers were added* to avoid skinning and other possible 
complications. The presence of drier does not seem to be a significant 
factor In the reactivity. Accelerated aging was ordinarily carried out 
in a 120°F.  oven although in one experiment a temperature of 190°F.  
was used.

2. Viscosity measurement.

For th® measurement of viscosity the Brookfield viscosimeter 
(Model LV-4 speed) was employed. This is a rotational type of instrument 
and is convenient because it permits the use of four speeds and four 
different spindles covering a range of viscosity in terms of full-scale 
deflection of 100 to 1GQ000 oentipolses. Also the viscosity is read 
directly in absolute units of poises. Measurements were usually made 
with the guard removed and the spindle Immersed in the 2 os. Jar contain­
ing the enamel. Under these cIrcumat&noea a correction must be made 
before the deflection can be converted into absolute units. To avoid 
variations due to temperature fluctuations, all viscosity measurements
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were made at constant temperature by immersing the Jars to about 
1/2 inch from the top in a constant temperature water bath maintained 
at 2S.1WC.

Inasmuch as most of the enamels were gelled after aging 
overnight at 180*P., it was necessary to set up some standardised 
stirring procedure to obtain meaningful values of viscosity# It was 
found most useful to atlr the enamel for 5 minutes in the bath with a 
high speed "Lightning” stirrer. This was sufficient to convert the 
enamel to a Hewtonian system but not to eliminate completely the effect 
of aging* She Hewtonisn character of the enamels was ascertained by 
making viscosity determinations at several speeds.

5.
the

The reversal of/aging process insofar as viscosity Increase 
is concerned can be illustrated by an enamel of RT-551-D (12Q5-9Co) 
containing B% pigment. This had an Initial viscosity of 4.0@ poises 
and after 3 fars. at 190UF* had gelled. Stirring for five minutes 
destroyed the gel structure end gave a Hewtonian system with a 
viscosity of 8.4 poises. Five minutes additional otirring further 
reduced the viscosity only slightly to a value of 7.7 poises. The 
enamel was then ground on a Jar rolling mill with steel shot for 3 
days. This led to a further reduction of viscosity with a value of 
5.2 poises. These results show that after considerable aging the 
enamel can be brought back almost to its original state, as far as 
viscosity Is concerned. If sufficient mechanical work is done on it.

4. Hate of viscosity increase.

To determine the rate at which the systems Change on aging, 
enamels were prepared from R1M5Q1HD (lot 6253) and RT-851-D (lot 8338). 
These were made using C®»2468 as the vehicle and contained 10# of 
pigment by weight. Viscosities ware determined after 4 hour aging 
Intervals, as well as 1® hour intervals at 120®F. The measurements 
were preceded by the usual 5 minute stirring period. In addition to 
the study of the enamels, parallel measurements were made on an unpig- 
wented control to observe the effect of elevated temperature (X20°F)  
on the vehicle itself.

The results are presented in the graph of Fig. 1 where vis­
cosity In poises ie plotted against aging time in hours. In the first 
place it should be noted that whereas the Initial viscosity of the 
vehicle is 1.36 poises, that of the RT-661-D enamel is 3.68 poises and 
of the RT-S01-D enamel 7.8 poises. The difference in the last two 
values suggests that the HT-501-D has reacted in the grind. Both 
enamels show the characteristic rapid initial rise in viscosity and 
the slow linear increase beyond this. It is also of interest to note 
that the RT-SQ1-D enamel develops considerable thixotropic structure 
on standing overnight 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 vehicle alone is seen to be slight.
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la order1 to study the thixotropic behavior of a system of 
low pigmentation* cos enamel made with G1-24&8 mad containing 10$ of 
RT-3S1-D (lot 3333) was diluted with the appropriate combination of 
thinner mad vehicle to give a 3*5$ enamel* The combination was such as > 
to maintain the ratio of alkyd to thinner constant. The enamel was then 
aged at 120®F. for successive periods of 17* 19* 21* 22 and 65 hr a* to 
a total of 144 hra. Viscosity measurements were made after each period 
both before and after the standard stirring procedure*

- The data are stmarlaed In Fig* 2 where viscosity in poises 
Is' plotted against total aging time. Two values for the viscosity are 
indicated at each of the several total aging periods* the upper set 
representing the measurement made before stirring and the lower set 
those after stirring* The latter are connected by a smooth curve which 
shows the familiar rapid initial rise in viscosity and then the slow 
linear increase* The former do not represent stable viscosities because 
even the relatively slight stirring Involved in the measurement caused 
a continuous decrease in the reading* The data clearly reveal that 
even at this low pigmentation a thixotropic structure develops*

Because of the presence of MRaphthttnilM AS-D as an impurity 
in both RT-301-D sad RT-551-D an experiment was carried out to deter­
mine its role In affecting reactivity. 10$ enamels of RT-551-D 
(lot 27914) were prepared with Aroplas 1320 to which were added 
0* 10 and 20$ of "Naphthas!!* AS**D on a pijpent basis* The enamels 
were aged at 120®P* fen* a total of 1S4 hours with viscosity determina­
tions being carried out at intervals* Ho significant differences were 
found among the three systems* Atfcgftpfe# to determine the reactivity 
of purified samples of the pigments were unsuccessful because of the 
difficulty in removing more than a fraction of the impurities*

7» Effect of thinner.

On the basis of the fact that the viscosity of alkyd solutions 
varies considerably with the solvent employed* it was decided to 
evaluate the effect of the nature of the thinner on the reactivity* 
Enamels were prepared containing 10$ of RT-551-D (lot 8358) and 
0E-245S with the substitution of 24$ of the total mineral spirits by 
several thinners* The enamels were aged at 120®F* and viscosities 
determine^ before and after aging* Table I below lists the substitute 
thinners and relative viscosities of the corresponding enamels both

64hrg,.
29*6
43*4
25*2
22.7

initially"©ad aft$2* 64 hours at 12GVF*

Thlxm
Wmb : Spirits 
Solvessol #2 
Hexane 
Toluene 
Butanol

silSP
..ISIS"

10*4 
17.4 
11.1 
7,4
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A value of the relative viscosity of 10 corresponds to an actual 
viscosity of 2*23 poises* It Is clear that the visoosity both before 
and after aging Is very sensitive to the kind of substituted thinner* 
The lowest values are obtained with butanol, probably because of Its 
polar character*

3& coaaeGtioa with the possible role of impurities as a 
factor in reactivity, apectrophotometrlc studies were made of several 
maroons* It was found possible to determine the purity of a parti­
cular maroon by e entering its absorption with that of a purified 
ample* Purity debeaslnatioas were made In this way fern HT-SQ0§©, 
Bf-S&l-D and Hf-SSl-D* Sines the first two pigments are mads from 
the seme components a purified saaple of BT-801-D, assumed to be 
of IG0$ purity, was used as the standard for them*- For BT-S81-B a 
purified ample of the pigment was employed*

fits absorption spectra of purified ST-501-D and purified 
RT-531-B in solution are given in Pigs* 3 and 4 respectively* They 
consist of a plot of optical density versus wave-length for the radge 
of 320 mill lad crons to 630 millimicrons* The absorption was measured 
with the lectern Spectrophotometer at a concentration of 2*00 mg/100 ec 
chloroform with a cell length of 1 cm* m the ease of HT-301-D the 
absorption maximum occurs at a wavelength of 823 millimicrons and with 
RT-S31-D at 350 millimicrons* Since the impurities do not absorb 
significantly in the region of maximum absorption, the purity of a 
simple could be obtained directly from the ratlo of its optical density 
to that of the standard at the wavelength of maximum absorption* m 
this way the pMlt of the three pigments were determined with the 
following results t

Pigment Purity

BT-8Q0-D (SB-43033) 88.3$
BT-801-B (lot 6233) 72*2$
RT-33X-D (lot 8333) 82*3$

Though these pigments contain considerable impurities as the above 
results indicate,it has not been possible to determine to shat extent 
they influence the reactivity of the pigments*

HBMffiggCBSt

1* Visoosity studies - BB-1203,
2* Speefcrophotemetrio studies - IB-1011, Expta* 31, 32*
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FIG. 1 - RATE OF AGING AT 120 UF„

i

PIG. 2 - AGING OF 2.5,1 BNAML (RT--551 ~Q'
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