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ABSTRACT

The influence of mixed coupling on the properties of C.I. Pigment Yellow
12 is studied. Carboxy and sulfo derivatives of acetoacetanilide were used
as the second modifying coupling components. The results showed that the
state of the crystal and particle size changed, the pigment flowability and
dispersibility in non-polar solvents decreased due to the introduction of
polar groups. © 1998 Elsevier Science Ltd. All rights reserved
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INTRODUCTION

Mixed coupling is currently one of the most important methods of pigment
modification. One diazo component coupled with two or more coupling com-
ponents, or two or more diazo components coupled with one coupling compo-
nent, are the two methods of mixed coupling, as illustrated by the following;
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Azo pigments prepared through mixed coupling have the properties of a
‘pigment alloy’, such properties being different from those of a ‘mechanical
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mixture’. The process is also referred to as ‘solid solution of pigment’. Mixed
coupling can change some characteristics of the pigment crystals and inhibit
their growth. It can also modify the surface properties, particle size and dis-
tribution of the pigment [1,2].

Some data has been reported on the application of this technique to dia-
rylide yellow pigments such as C.I. Pigment Yellows 12, 13, 14 and 83; they
describe different derivatives of the coupling components which are used as
the second modifying coupling components [3—7]. More detailed investiga-
tions on the influences of mixed coupling on pigment properties have not
been fully reported.

In this paper, carboxy and sulfo derivatives of acetoacetanilide were used
as the second coupling components in the preparation of modified C.I. Pig-
ment Yellow 12; the derivatives used were MCC-I--1V:

CH,COCH,CONH CH,COCHZCONH—O—-COOH
HOOC
(MCC- 1) (MCC-1D)
CH,COCH,CONH CHﬁOCHﬁONH-—QSQ,H
HO,S
(MCC-TID) (MCC-1V)

The effects of mixed coupling on the crystal form of the pigment, and the
particle size and distribution, polarity, and flowability were also studied.

EXPERIMENTAL
Preparation of C.I1. Pigment Yellow 12 through mixed coupling

By conventional methods, 3.5 g (0.01 mol) 3,3'-dichlorobenzidine was diazo-
tized; 0.0194mol acetoacetanilide and 0.0006 mol of its carboxy derivative
were dissolved in a solution of 1 g sodium hydroxide in 25 ml water, and the
pH of the mixture was adjusted to pH 6.5 with 25% aq acetic acid (1:3). The
diazonium salt solution of 3,3'-dichlorobenzidine was added dropwise until
the end of coupling reaction, when the suspension did not show colour
development with either the diazonium salt R-salt (disodium salt of 2-
hydroxy-3,6-naphthalenedisulfonic acid). After filtering, washing and drying,
the modified pigment prepared through mixed coupling was obtained.



Mixed coupling with C.I. pigment Yellow 12 187

Pigments modified with 5 or 10% carboxy derivative and 0.5, 1.0 and
2.0% sulfo derivative were prepared using the same method.

Determination of pigment properties

Flowability was determined according to the Chinese National Criterion, GB
1719-79 [8]. In this method, 0.3 g modified pigment was milled with 1 ml
resin to prepare the oil ink, the appropriate amount of which was pressed
between two glass plate with a weight of 200 g. The diameter of the round
ink flat was used to determine the flowability of pigments (the higher the
pigment flowability, the higher the ink flat).

Contact angle was calculated on the basis of the formulae:

0 = 2arctg(h/r) 6 < 90° (1)

= 90° + arcsin(h/r — 1) 6>90° (2)

in which /4 and r, measured through JJC—1 type contact angle instrument,
are the height and maximum level of the water drop on plate of pigment.

Modified pigments were dispersed in water using ultrasonics to prepare a
1% suspension; 1 ml of this was injected into an LKY—1 type particle dia-
meter measuring instrument. After calculation, particle distribution curves
and average particle diameters were obtained.

An S-450 scanning electron microscope and a CN-2308 type X-ray dif-
fractometer were used to determine particle shape and crystal form of the
pigment, respectively.

RESULTS AND DISCUSSION
Effects of mixed coupling on pigment crystal
The pigment prepared through the mixed coupling was a solid solution of

C.I. Pigment Yellow 12 and its carboxy or sulfo derivatives and its compo-
sition can be expressed by the following structural formula.

COCH, Cl Cl COCH,

| I
QNHCOCH—N=NN=N-—CHCONH—Q

X %
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C.I. Pigment Yellow 12: X=Y=H
Pigment a: X =Y = COOH or SO;H
Pigment b: X=COOH or SO;H, Y=H

The crystal form of this kind of ‘pigment alloy’ was different from that of
C.I. Pigment Yellow 12, and changed with the variation of derivative addi-
tion. The X-ray diffraction patterns of the parent and modified pigments
using ortho-carboxy acetoacetanilide (MCC—I) as the second coupling
component are shown in Fig. 1.

Curve 1 shows the diffraction pattern of the ortho-biscarboxy derivative of
C.1. Pigment Yellow 12, which was obtained through coupling of ortho-car-
boxy acetoacetanilide with the diazo salt of 3,3’-dichlorobenzidine. Its crystal-
linity was low and had only two diffraction peaks at 20 angle 10.1° and 25.5°.
Modified pigments showed three diffraction peaks at 26 angle 10.3° to 12.5°,

10° 15° 20° 25° 30° 20

Fig. 1. X-ray diffraction pattern of pigments, 1. Bicarboxy derivative of C.I. Pigment Yellow
12 (pigment a : x = y = COOH); 2. MCC-I 10%; 3. MCC-1 5%; 4. MCC-I 3%; 5. C.I. Pig-
ment Yellow 12.
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which indicates the emergence of a new crystal phase. The diffraction curve
of the pigment containing 3% derivative was similar to that of C.I. Pigment
Yellow 12, although they were not completely the same. When the amount
of modifying coupling agent was increased to 10%, the pigment crystal was
similar to that of the biscarboxy derivative of the parent pigment.

The addition of derivatives made the system more heterogeneous, with
decrease of the crystallization energy. The nucleation rate therefore
increased, and consequently there was insufficient time for the nuclei to
grow intactly. Thus, a crypto-crystal, or even a non-crystalline form
could be obtained, and their X-ray diffraction peaks are flow, or not
apparent [9].

Effects of mixed coupling on particle shape

The experimental results showed that the technique of mixed coupling could
accelerate the production of nucleus and change the growth state of the pig-
ment crystal. The particle shapes of modified pigments using ortho-acet-
oacetamide benzene sulfonic acid (MCC-III) as the second coupling
component are shown in Fig. 2.

After addition of the second coupling component, the particle diameter of
the pigment decreased, and when the amount of modifying agent rose to
2.0%, the particles were very small. Nucleation and crystal growth were the
two steps of crystallization, both of which were influenced by the mixed
coupling process, which promoted the formation of nucleus, retarded the
growing of crystals and resulted in a declining of particle size. The particle
size distribution curves (Fig. 3) show the average particle diameter of the
parent pigment to be about 1 um, while that of the mixed coupled pigments
were less than 0.75uum. Moreover, most of particles were smaller than
0.5 um when the addition of MCC-III was raised to 2.0%. All of the dis-
tribution curves of the modified pigments were higher and narrower than
those of C.I. Pigment Yellow 12.

As a result of the decrease of particle size, the pigment flowability varied.
The flowability of pigments prepared through mixed coupling with ortho-
and para-acetoacetamide benzene sulfonic acid (MCC-IIT and IV) are listed
in Table 1.

Figure 4 shows that the flowability decreased with increase of addition of
the derivatives and decreases to less than 18.0 mm when 2.0% of modifying
coupling component was used, while that of the parent pigment was
20.8 mm. Although the addition of the two different derivatives were the
same, the pigments prepared from the ortho sulfo derivative (MCC-III) had
smaller particle size and lower flowability than those from the para-deri-
vative (MCC-1V). The variation of flowability was due to the increase of
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(a) (b)

Fig. 2. Particle shape of pigments. (a) C.I. Pigment Yellow 12; (b) MCC-III addition 0.5%;
(c) MCC-III addition 2.0%.

specific interfacial area and oil absorption caused by the decreasing particle
diameter; it was also interrelated with pigment polarity.

Effects of mixed coupling on wettability of pigments

The introduction of polar substituents into the pigment molecular influences
particle polarity, wettability, and hence its compatibility with water. The
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Fig. 3. Particle size distribution of pigments. 1. MCC-III 2.0%; 2. MCC-III 1.0%; 3. MCC-
III 0.5%; 4. C.1. Pigment Yellow 12.

TABLE 1
Effect of Mixed Coupling on Flowability of Pigments
Derivative Flowability of pigments (mm)
0 0.5% 1.0% 2.0%
MCC-III 20.8 19.6 17.9 17.3
MCC-1V 20.8 19.9 18.8 17.5
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Fig. 4. Flowability of pigments versus addition of derivatives. 1. MCC-III; 2. MCC-IV.



192 S. Wong, C. Zhou

contact angles with water of pigments prepared through mixed coupling with
different amounts of derivatives are listed in Table 2.

Figure 5 clearly indicates the changing of contact angle, and shows that the
contact angle of mixed coupled pigments with water is lower than that of
C.1. Pigment Yellow 12, and decreases with increase of derivative addition.
One reason for the decrease of contact angle is that the pigment tends to be
wetted by solvent, in order to reduce its high surface free energy caused by
the smallness of the particle. An alternative reason is the enhancing of the
compatibility of the pigment with water, as the result of introducing sulfo
groups consequent increase in pigment polarity.

On the other hand, the pigment was more difficult to be ‘wetted’ by an
organic solvent. It was known that wetting is an indispensable condition of
dispersing. A stable dispersion cannot be obtained if the pigment is not well
wetted. Thus, the dispersion degree in non-polar media of the modified pig-
ments made through this technique was low.

TABLE 2
Effect of Mixed Coupling on Contact Angle of Pigments
Derivative Contact angle of pigment (degree)
0 0.5% 1.0% 2.0%
MCC-III 96.3 94.6 92.9 89.8
MCC-IV 96.3 95.0 92.7 88.8
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Fig. 5. Contact angle of pigments with water versus addition of derivatives. 1. MCC-HI; 2.
MCC-IV.
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CONCLUSION

The technique of mixed coupling changes the crystal shape and results in new
diffraction peaks. The crystallinity decreased when the addition of the second
coupling component rose to a certain extent. Pigments prepared through this
technique had small particle size, narrow particle size distribution curve, and
low flowability. The introduction of a sulfo group made the wetting of the

pigment by polar solvents easy, and its dispersion in non-polar solvents more
difficult.
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