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Abstract: The effects of synthesis conditions on characteristics of the calcium-azo complex pigment, C.I. Pigment
Red 57:1, were studied. It was mainly considered that the industrially required synthesis conditions for lowering
electrical conductivity of the pigment solution keeping pigment quality such as particle size and color
characteristics. Three parameters were chosen as control factors during the synthesis. The first was the amount of
hydrochloric acid added to transform sodium nitrite into nitrous acid. The second was the amount of calcium
chloride added to insolubilize the synthesized azo dye. The final factor was pH control during the coupling
reaction. The electrical conductivity and pigment aggregate particle size were dependent on the amount of
hydrochloric acid and calcium chloride. Higher HCl concentration gave brighter yellowish-red color because of
smaller particle aggregate size and narrower size distribution. Amount of charged ions in the synthesis process

might affect the “lake” formation resulting different particle aggregate size and color shade.
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1. Introduction

Compared to dyes, organic pigments have been more
intensively studied and developed in recent years. They
have been applied not only in printing inks, paints,
plastics, and coatings, but also, via the development of
novel functional pigments, in high-technology industries
such as IT (information technology), energy and electronic
industries. Environmental concerning about inorganic pigments
containing heavy metals has increased the interest on
organic pigments recently.

And even in the organic pigment industry, eco-
friendly synthesis process has been preferred because of
less amounts of waste water or chemical.

To this purpose, this paper proposes an optimized
manufacturing process for one of organic pigments, the

calcium-complex azo pigment denoting as C.I. Pigment
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Red 57:1.

C.I. Pigment Red 57:1 (so-called PR 57:1, Lithol
Rubine, Ca4B, or C.I. No.15850:1) has been one of the
most important and popular organic red pigment. It is
normally used as a standard magenta color for multi-
color printing because of its intense bluish red tint' .
This pigment is generally known as one of BONA pig-
ments, for beta-oxynaphthoic acids, which precipitate
as calcium salts especially with 2-hydroxy-3-naphthoic
acid; i.e., the 1:1 calcium salt of 4-(4-methyl-2-sulfo-
phenyl) azo-3-hydroxy-2-naphthalic acid"®.

They organically chelate with calcium to form insoluble
complexes or lakes. It is known that this chelate
form has excellent brilliance and transparency, high
tint strength, and good solvent and heat resistance' .

Recently, they are applied in toners for electro-
photographic system, and in ink-jet printing inks*”.

The preparation of C.I. Pigment Red 57:1 (PR
57:1) involves the diazotization of 2-amino-5-methyl

benzene sulfonic acid (4B acid) and a subsequent coupling
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reaction with 3-hydroxy-2-naphthoic acid (Bon-acid),

' The resultant disodium

under alkaline conditions
salt is converted to the calcium salt, e.g., with calcium
chloride.

The synthesis conditions for this azo pigment have
an important influence on the physical properties such
as particle size/size distribution, morphology, and
ultimately, on the application of the pigment"®”.

However, there are few studies on the effects of
the conditions during synthesis of the PR 57:1 on
the particles converted to the calcium salt.

This paper studied the characteristics of PR 57:1
transformed to the calcium salt, and focused on the
effects of the reaction conditions during the diazoti-
zation, coupling, and calcium salt conversion processes.
Three parameters of synthesis were selected:

The amount of hydrochloric acid (HCI) in the
diazotization process was controlled. HCIl reacts with
sodium nitrite (NaNO,) to form nitrous acid (HNO,)
which is used to diazotize the 4B acid.

The amount of calcium chloride (CaCl,) was con-
trolled. CaCl, is used to make the azo dye insoluble
in the coupling reaction, being “laking”. The amount
of CaCl, actually effects the conversion to the calcium
salt of the pigment particles.

The pH value during the coupling reaction at the
laking step was controlled.

The pH balance during the final coupling reaction
was so important in the conversion to the calcium
salt of the particles. The pH conditions can deter-
mine the aggregate structure and morphology of the
pigment particles.

The pigments prepared under these varied conditions
were compared to each other. Characteristics of the
pigments, i.e., particle/aggregate size, morphology and
color variations, were evaluated and the electrical con-
ductivity of pigment solution were characterized. High
electrical conductivity of pigment solution means high
ion concentration residue after synthesis reaction and
makes the ink spread on the printing boundary during

printing.
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And the salts causing high electrical conductivity
also become issues of wastewater.

In the industry, it is so important to maintain the
consistent color characteristics of pigments on every
batch reaction. The color characteristics of pigments
depend on the particle/aggregate size and morphology,
size distribution, dispersibility as well as on the
chemical structure.

In general, the crude pigment is not used directly
from synthesis. The post-synthesis process such as
milling and surface treatment is operated to improve
dispersity and color properties. In this work, we
studied on the color characteristics of PR 57:1 in terms
of size and morphology of the particle aggregates
before post-synthesis process.

In another series of this work, how to affect the
milling process on the color characteristics of PR
57:1 was studied and reported.

We have focused on the interpretation of the in-
fluence of acid/CaCl, concentration and the cause of
changes in particle aggregate size and color values by
chemical factors such as protons or calcium ions
present during the metal-pigment complex formation.
The results on the consideration of the relationship
between synthesis condition and the pigments charac-
teristics can help to design the manufacturing process
in industry for better maintenance of the pigment

quality.
2. Experimental

2.1 Synthesis of C.I, Pigment Red 57:1

All reagents used for the synthesis of PR 57:1
were kindly donated by Ukseung Chemical Co., Ltd.

The synthetic scheme for PR 57:1 (1) is illustrated
in Figure 1.

The synthesis was conducted through diazotization
of 4B acid (2) followed by coupling with Bon-acid
(3), which affords the soluble sodium salt form.
Subsequent reaction with calcium chloride under
alkaline condition yields the insoluble calcium salt

(pigment-lake) form">'”.



Particle Size, Morphology and Color Characteristics of C.I. Pigment Red 57:1 : 1, Effect of Snthesis Conditions 231

HCI |/ NaNO,
H3C NH, — 3
NaOH
SOzH

()

HO  COO Na*
pH 8.5
HaC NN O + NaCl
CaC|2
- +
SO3 Na

@ ©
N=N Cl

SOzH

Ca%*

O (1)

HsC

Figure 1. Synthetic scheme for CI Pigment Red 57:1.

The reaction was carried out as follows and amount
chemicals in the description are for the standard
reaction: 4B acid (2) (88.8g, 0.474mol) was dis-
solved into a solution of sodium hydroxide (50%
NaOH, 38.8g) in water (1) [4B acid dissolution
process]. The resulting brown solution was cooled
down below 5°C using ice and concentrated hydro-
chloric acid (adjusted 22% HCI, 136m{, as standard
condition) was added. A solution of sodium nitrite
(NaNOy: 34.6g, 0.501mol, dissolved in 500m{ water)
was added and the suspension stirred for 15min
below 5°C. After confirming the presence of excess
nitrous acid of sodium nitrite by starch-KI paper
(turned into a deep blue violet color), aqueous HCI
solution was dropping until the excess nitrous acid
was disappeared just before the coupling. When the
pale brown suspension appeared from the homo-
geneous mixture, the addition of HCl was completed
followed by stirring for further 30min [diazo reaction].

Separately BON-acid (3) (89.2g, 0.474mol) was
dissolved in a solution of sodium hydroxide (50%
NaOH, 43.3g) in water (10) [coupler dissolution].
The light-brown solution was then cooled to 15°C
while stirring vigorously.

The resultant diazonium salt suspension was added
slowly to the prepared coupler solution. The color
changed initially to a dark red solution, and finally

to a yellowish red (orange) which is the color of

precipitated dyestuff. The mixture was stirred for
more than 2hour at room temperature [coupling
reaction]. During the preparing the orange solution
of sodium salt dyes, the pH level was adjusted as
8.5 (as standard condition) using a 2M solution of
sodium hydroxide. A solution of calcium chloride
(CaClp: 95.6g, in 500m{ water, as standard condition)
was added and stirred for 15min at room tem-
perature to make an insoluble calcium salt [Ca-lake
formation]. The absence of excess diazonium salt
was checked using H-acid spot test'’. The sus-
pension was isolated by filtration and washed with
deionized water several times to remove excess
inorganic salt by-product, and finally dried at room
temperature.

In the synthesis process explained above, the amounts
of the HCI and CaCl, were varied with a certain
level: the HCl and CaCl, concentrations were in-
creased or decreased by 10% from the standard
amounts of the HCl and CaCl, used. The 10%
variation means 149.6m{ or 122.4me of 22% HCI
solution and 105.16g or 86.04g of CaCl, in 500mde
water which are determined on the basis of the
stoichiometric amount of 4B acid (88.8g, 0.474mol)
and BON-acid (89.2g, 0.474mol). Besides chemical
amount, the pH value during the coupling reaction

was controlled at three levels of 7.5, 8.5, and 9.5

Textile Coloration and Finishing, Vol. 27, No. 4
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by decreasing or increasing alkalinity.

The sample codes for the synthesized pigments are
listed in Table 1, with the each synthesis conditions.
In the table, the designation of ‘0’ means the amount
of HCl or CaCl, in standard reaction described in

detail above.

2.2 Measurements of properties

Synthesized PR 57:1 suspensions were prepared to
measure ion conductivity and particle size. Sonication
treatment was used for dispersion of the pigments
temporarily before particle size analysis.

The electrical conductivity of the synthesized pigment
suspension was determined using a conductivity meter
(HI-9932, Hanna Instruments, USA). The pigment sus-
pensions for electrical conductivity measurement were
prepared by filtering, washing, drying and redisper-
sing in water before final drying, for excluding
the presence of the Na', Ca” and CI ions in the
suspension which are derived from the HCI, NaOH,
and CaCl, used in the synthesis process, which influence
the conductivities. The NaCl (and the excess of
CaCly) in the suspensions was removed by washing
with deionized water several times before the con-
ductivity analysis. The pigment suspensions were adjusted
to 25°C and conductivity was measured 3 times

with 60 seconds

Hee Sung Seo : Hyun Kyung Lee ‘- Eui Sang Yoo

interval to get the reproducible conductivities.

The particle sizes (obviously the size of the particle
agglomerates or aggregates) of the synthesized pig-
ments before drying were measured using a particle
size analyzer (LS™ 13 320 Particle Size Analyzer,
Beckman Coulter Inc., USA). The pigment solutions were
diluted 100-fold in distilled water and sonicated for
2h with an ultrasonicator before observation.

The scanning electron microscope analysis was
performed using a scanning electron microscope (JSM
-5510, JEOL Co., Japan). For the sample prepara-
tion, all pigment samples were dispersed ultrasoni-
cally in distilled water. One droplet of the solution
was placed on a piece of silicon wafer using a Pt
wire, and the solvent was evaporated at room tem-
perature. The micrographs of all samples were obtained
with an exposure time of 4s at a magnification of
5,000.

Pigment samples were pulverized and mixed with
mineral oil varnish. 1.2g of pigment was mixed with
0.2g of mineral oil varnish, and the color mixture was
painted on a piece of white paper (5x5cm) using a
doctor blade'”. This painted paper was then covered
with a transparent OHP film for diffusion control,
and dried before measuring the color. The dried-
paint films were tested by color measurement, using

the CIE 1976 L*a*b* method'” by computer color

Table 1. Sample codes for synthesized pigments with respective synthesis conditions

No. HCI CaCl; pH No. HCI CaCl, pH No. HCI CaCl, pH
1 -10% —10% 7.5 10 0 -10% 7.5 19 +10% -10% 7.5
2 -10% -10% 8.5 11 0 -10% 8.5 20 +10% -10% 8.5
3 -10% -10% 9.5 12 0 -10% 9.5 21 +10% -10% 9.5
4 -10% 0 7.5 13 0 0 7.5 22 +10% 0 7.5
5 -10% 0 8.5 14 0 0 8.5 23 +10% 0 8.5
6 -10% 0 9.5 15 0 0 9.5 24 +10% 0 9.5
7 -10% +10% 7.5 16 0 +10% 7.5 25 +10% +10% 7.5
8 -10% +10% 8.5 17 0 +10% 8.5 26 +10% +10% 8.5
9 -10% +10% 9.5 18 0 +10% 9.5 27 +10% +10% 9.5
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matching (CCM) (Color-eye® 3100, Gretag Macbeth
Co., USA) with illuminant Des/10°. A  chromatic
difference value (AE), as a magnitude of color difference,
were also measured, using obtained variables of L*a*b*
values between a pigment under the standard condition
and the modified pigments under changed conditions.
The value of AE is determined by the following
equation(1 )13).

AB = {414 + @52’ + (b* b)) oo M

where,

AE : A chromatic difference value
L* : Whiteness

a* : Redness

b* : Yellowness

1 : Standard pigment

2 : Modified pigment

3. Results and Discussion

The influence of change of synthesis condition on
pigment properties was easily explained by under-
standing the mechanism for the formation of a meta
lI-pigment complex and its structure.

In the calcium lake pigment of PR 57:1, calcium
atoms are positioned at the center of the complex,
enhancing affinity through the chelation of two
ligands in the pigment molecule, the sulfonate (SOs)
group on the diazo component and the carboxylate
(COy) group on the coupling component4). This form
allows the pigment to precipitate in an insoluble
form and to be transformed into a nonelectrolyte in
the Ca-pigment complex. Because the ionic interactions
are both intermolecular and intramolecular, the pig-
ments are associated as ion pairs of Ca”" with SO5
and CO; groups in the pigment molecules.

Pigments of this type are known to exist largely
in the ketohydrazone form**'?. Deprotonation occurs
at both the sulfonate and carboxylate groups but not

at the hydroxy or hydrazo groups, and there is only

one type of calcium binding site”.

CHs
0
S/
H\o o)
/N\H\’ ’O\Hzo
N \
O\Ca/Hz

Figure 2. Molecular coordination geometry about
Ca in CIL Pigment Red 57:1, eg, trihydrate form in
synthesis.

The calcium atom is significantly placed in the
ligand plane as shown in Figure 2. The Ca atoms
are properly eight-coordinate, Bonding to the three
carboxylate, keto, and sulfonate sites on one azo
anion, two terminal water molecules, and three bridging
oxygen atoms supplied by the carboxylate groups of

. . . 4.6
neighboring azo anions” ),

Judging from the planar
conjugated system featuring C=0O and NH functional
groups in the pigmentsls), they may adopt a structure
of chromophores stacked in parallel.

The pigments crystallize during construction of the
molecular assembly, forming a double-layer structure
toward a highly anisotropic crystal structure.

The crystal structure and the packing properties in
PR 57:1 had been recently elucidated by Beko, et

al.'?

, in contrast to the older hypotheses regarding a
zigzag ladder-like system in a head-to-tail arrangement
(Duckett, et al.)'” or a polymeric double-chain structure

14)

of Ca atoms (Harris, et al.)”. From the work of

Beko et al.l(’), it is known that PR 57:1 exists in
three different crystal phases with different colors: In
the synthesis, the carmine-red alpha-phase (trihydrate)

is formed; heating to 50°C leads to the magenta

Textile Coloration and Finishing, Vol. 27, No. 4
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beta-phase (monohydrate); heating to 200°C leads to
the dull dark magenta anhydrate.

Industrially the beta-phase is used because of the
standard magenta shade. The presence and position
of the ionic groups in pigment molecules and the
process which metal ions bond to the anions via
electrostatic interactions could play an important role
in determining ionic conductivity, as well as in
determining the assembly of the particles'”, crystal-
lization behaviors, particle sizes and distributions,
and the final colors.

The acidity of HCI favors the formation of NO',
generated by reaction with sodium nitrite, and faci-
litates the formation of the strongly -electrophilic
diazonium ions, ArN,", for a more rapid coupling
processlg). The sodium salt of the PR 57:1 is formed
through the coupling process. In the salt form,
sodium cations associated with the SO;” and CO»

anions encourage water solubility.
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The compound is transformed into a water-insoluble
calcium salt form during “lake” formation, by repla-
cement of the two sodium cations with divalent
calcium cations.

The amount of CaCl, influences the Na-to-Ca
metal-exchange process. The pH (hydrogen ion con-
centration) finally determines the degree of conversion
into the calcium salt form by changing the extent of
the two

(sulfonate and carboxylate)zo).

protonation in salt-forming  acidic  groups
The mechanism of complex
formation depends on the appropriate amount of HCI
as well as CaCl, used. Particularly in a 1:1 molar
ratio of SOy and CO, anions and Ca’’ cation, the
calcium salt is immediately precipitated from solution
with stabilized electrical chargeZI), to finally form the
neutralized “lake”.

In Figures 3a, 3b, and 3c, the effects of HCl and
CaCl, concentrations on the electrical conductivity

are demonstrated under different pH conditions (7.5,

CacClz con.
900+ —@—-10%
-0-0
800 <@ +10%
7004
600
500
400
300
200
-10% 0 +10%
HCI concentration pH = 8.5
) == HCI con.
650 -:- CacClz con.
600
550
g
£ 500+
=
2450
400
-10% (7.5) 0(8.5) +10% (9.5)

Synthesis conditions

Figure 3. Electrical conductivity, as a function of synthesis conditions.
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8.5, and 9.5, respectively).

Electrical conductivity reflects the amount of total
dissolved ions from the pigment complex in solution.
The conductivity values can be used to explain the
solidification behavior of metal-salt complexes because
ions trapped during solidification could be an origin
of conductivity.

High content of ion concentration in pigment solution
can make ink spread into liquid media during printing.
We assessed the effects of synthesis process para-
meters such as HCl and CaCl, concentrations and
pH on the ion concentration.

For most of the conditions in Figures 3a, 3b, and
3c, electrical conductivity values increased with increments
in HCl and CaCl, concentrations, even though a
decrease was observed at high CaCl, concentration
at pH 7.5 with HCl concentration increases.

The conductivity increases might be due to the influence
of ions originating from HCl or CaCl,.

In Figures 3a, 3b, and 3c, the principal factor affecting
the electrical conductivity of the pigment suspension
was the CaCl, concentration during the coupling process.
Increments in conductivity with HCI concentration or
pH value were changed in the range 100-200 (10uS/cm),
and those with CaCl, concentration were changed in
the range 200-300 (10puS/cm). The mean values of
the conductivities in Figures 3a, 3b, and 3c, were cal-
culated and displayed in Figure 3d.

The mean value is the average conductivity of all
samples having alterable experimental conditions, here
for example pH or CaCl,, with one fixed experi-
mental condition, here for example HCIl. The fixed
experimental condition was either pH or CaCl,, and
the variable conditions were CaCl, and HCIl, or HCI
and pH, respectively. The adoption of the average
value enabled us to estimate which parameter was
most effective in electrical conductivity control.

In Figure 3d, the trends for the average con-
ductivity values with HCl concentration and pH were
nearly identical with very little changes.

The conductivity with CaCl, concentration increases

in a good linearity and a big amount. The incre-
ment of the average conductivity was more than 220
(10uS/cm) upon a 10% increment in CaCl, concen-
tration. As explained above, CaCl, plays a decisive
role in the precipitation of pigment in water media.
Because the SO; and CO, anions in a pigment
complex molecule are chelated by one Ca’ ion, an
adequate mole ratio of CaCl, is important to achieve
complete salt formation. When we add more CaCl,
than a stoichiometric ratio of chelation, surplus Ca”'
ions could be adhere on the surface of pigments or
trapped in pigment solid, and they could be released
into water for electrical conductivity measurement.

The conductivity increases with HCl or CaCl, con-
centration could have resulted from the increased free
ions that separated from the pigment complex during
conductivity measurement experiments.

However, the reason for the increased conductivity
with pH value might be the ionic interaction changes
via the ion exchange of protons for sodium ions in
the pigment. “Lake” formation takes place initially
in solution followed by nucleation and crystal growth,
and subsequently, the reaction continues by a process
of ion exchange in the crystal lattice”. The pH
could influence the last stage at which the metal
exchange takes place, which is why the tendency
for “lake” formation of the pigment using different
molar ratios of HCl or CaCl, was changeable, depending
upon pH control during the coupling reaction. At
lower pH, the ratio between the bound calcium cations
and the available sulfonate/carboxylate groups is reduced
because of partial protonation of the binding sites™”.
When all the strong acid groups, such as sulfonates,
are paired with calcium ions and neutralized, the
weaker acid groups, the carboxylates, will begin to

. . . . 19,22
associate with calcium ions'*”

. This general effect
explains that the carboxylate group will be pro-
tonated more as the pH is reduced, with only the
sulfonate group being ionized™.

The monosodium and disodium salts would be

formed together initially, with the intermediate species

Textile Coloration and Finishing, Vol. 27, No. 4
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involved in the conversion to the Ca’" salt®. They
might have different solubility characteristics, due to
different Ca-complexing capacities as a function of
the pH, directly effecting complex nucleation and
growth mechanisms. This might possibly make the
pigment particles become aggregate into larger as
well as heterogeneous in size.

The solidification during precipitation at lower pH
can be explained as a result of not only decreased
conductivity, but also increased particle/aggregate size,
as well as a decreased L" value (whiteness).

The increase in particle size could be understood
as crystallization and aggregation or agglomeration

of particles24).

The relationship between the particle
size/morphology and the color change will be dis-
cussed in greater detail later. The conductivity incre-
ment with pH value might be caused by sodium
ions trapped during the conversion process of the
Na-salt form to the Ca-lake form.

The effect of proton concentration resulted in a

different mechanism, comparing pH 7.5 with pH 9.5

(a) CaClz con.
28- —@—-10%
26 =0-=0
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in Figures 3a and 3c. The conductivity values in-
creased in proportion to the HCl concentration at
higher pH, but not at lower pH.

This may have occurred because the reduced proton
enhanced the

concentration dissociation of HCI,

whereas the increased proton concentration could
repress the dissociation of HCI. The conductivity
dependence on CaCl, concentration, however, might
not be affected by pH value, because Ca™ ions are
not involved with protons directly. Increments in
CaCl, concentration increased the conductivity
regardless of the pH. These patterns were reflected
in the mean values of the conductivity in Figure
3d. An unusual decreasing pattern of conductivity
with HCl concentration increases was revealed,
particularly with a +10% concentration of CaCl, at
pH 7.5, in Figure 3a. During Ca-pigment complex
both  the

sulfonate and carboxylate groups could accelerate the

formation, increased protonation at
insolubilization of the pigment to express the lowest
conductivity. This result matched well with the data

demonstrating that

(b) CaClz con.
28+ -@—-10%
T 26 -0-o0
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Figure 4. Particle size variation, as a function of synthesis conditions.
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the lower pH concentration resulted in the lower
conductivity (Figure 3d).

Considering the conductivity results, the CaCl, con-
centration was confirmed as the key factor for con-
trolling electrical conductivity.

The best conditions for the lowest conductivity
(294.3 in Figure 3a) were the standard HCl concen-
tration, a 10% reduction in the CaCl, concentration,
and pH 7.5. The conductivity value of 294.3 was
almost half of the value (504.7) that was obtained
under the standard conditions for all three experi-
mental parameters.

Different concentrations of HCI and CaCl, during
the synthesis process changed the particle size at
pH 7.5, 8.5, and 9.5, as shown in Figures 4a, 4b,
and 4c, respectively.

Pigment particle size has a significant effect on the
physical properties of a pigment. Changes in the particle
size and particle size distribution are important con-
siderations in assessing subsequent color alterations in

pigmentsl’ls)

. The particle size variation in this study
was characterized in terms of particle aggregate size.

In Figures 4a, 4b, and 4c, the particle size decreased
with increases in HCI and CaCl, concentrations under
different pH conditions, meaning the reduction in size
of the particle aggregates (or agglomerates). This might
be due to the increased ion numbers that resulted from
the higher concentration of HCI or CaCl..

The concentration of HCI could affect the coupling
reaction rate of the diazonium compound. With an
increased number of NO' ions due to increasing acid
concentration, additional positively polarized diazonium
ions would be available for the diazotization of the
amines to increase the rate of the coupling reaction'”.
This mechanism might synergize the possibility of
solidification with a smaller particle size resulting in
smaller aggregates. With an increased CaCl, con-
centration (more than one equivalent), surplus Ca”*
ions may increase the number of crystal nuclei during

crystallization through chelation by calcium. Ge-

nerally, in crystallization mechanism, increased numbers

. o4
of nuclei can reduce crystal size ),

The main effect of the individual parameters on
particle size was estimated by the mean particle size
values in Figure 4d. A negative linear relationship
was revealed most strongly between the particle size
and HCI concentration, indicating that the change of
HCl concentration can effectively control the aggregate
size. CaCl, concentration and pH value exhibited
good negative correlation with particle aggregate
size as well. The decrement range of the average
particle size with HCI concentration was about 7pum,
and that with CaCl, or pH was about 3-4um. A
10% increase in HCI concentration from the standard
conditions was the most effective in reducing particle
aggregate size.

The pigment particle size variation were observed
by the scanning electron microscopy (SEM) in Figure
Sa, 5b, and 5c; which show the examples in which
the particle aggregates with +10% increases in HCI,
CaCl, concentrations and pH were smaller.

The samples with HCI concentrations in Figure
S5a showed relatively fine size in the aggregation
/agglomeration levels, suggesting that higher HCI
concentration was an important component in size
control of the aggregates.

The particle aggregate size reduction as a result
of pH value increase could be explained by a pro-
tonation mechanism on the potential ligands during
conversion into the calcium salt form.

The precipitation via protonation at lower pH should
be separate from the crystallization via calcium
chelation in the pigment complex at higher pH.

If protonation occurred at calcium binding sites at
lower pH, the pigments would be in an adverse
condition for Ca-chelating complex formation because
of the different protonation rates between CO, and
SOs™ groups in the molecules.

Also, the coupling reaction between the weakly
negative substituted diazonium component and the
coupling component that does not possess adequate

electronegativity would proceed very slowlyw).

Textile Coloration and Finishing, Vol. 27, No. 4
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(1) Sample No.19

(ii) Sample No.20
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(iii) Sample No.21

Figure 5. Scanning electron micrographs (x5000) of pigment samples, showing aggregate patterns as a

function of (a) HCl and (b) CaCl, concentrations, and (c) pH condition.

The effect of the slower reaction would be to
increase the heterogeneous nucleation and agglo-
meration of particles, and finally, to make the pre-
cipitates larger. During this process, large and small
particles could easily coexist.

The smaller particle size at higher pH might be
attributed to the development of crystallization via
chelation by calcium. Due to more deprotonated Ca’"
salt-forming groups, the pigment could undergo a rapid
coupling process and have higher capacity to convert
disodium salts into calcium lakes.

The rapid reaction might render the formation of
relatively small and uniform particles, resulting in
smaller aggregates. The particle sizes of the pig-
ments resulting from the various synthetic conditions

were between 12 and 26um.
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The smallest particle size, 12.25um, was obtained
at pH 9.5 with +10% increases in both HCl and
CaCl, concentrations. This is obviously not the size of
the primary particles (of the individual pigment crystals),
but the size of the agglomerates and aggregates.

Practically in ink production, the pigment is dis-
persed into almost its primary particle, i.e., the
agglomerates and aggregates are destroyed, through
mechanical process such as grinding or milling.

Size reduction and color characteristics via milling
process will be discussed further in our next paper
in this series. The characteristic of pigment particles
before milling is turned to be a distinct factor to
determine particle size and color of pigment after
milling in the series work. That is why we have to

understand the particles shape and properties before
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treatment such as milling or surface treatment.

Consequently, the CaCl, concentration strongly affected
the lowering of the ion conductivity, and the HCI
concentration is so effective to control the particle
aggregate size. To produce a pigment having lower
conductivity and smaller particle size, the amount of
CaCl, should be reduced by 10% from the standard,
and the HCI concentration should be increased by
10% in this experimental.

Even the chemically identical pigments can show
diverse color as a result of different synthesis con-
ditions, because so many morphological aspects of
the pigment affect the colorimetric properties. Different
particles aggregates sizes and the size distributions
can change the color characteristics of these pigments,
such as brightness, intensity, shade, purity, and depth.

The color characteristics of the pigments prepared
under different HCl and CaCl, concentrations and pH
conditions were investigated by measuring L*a*b*
values in painted films of the pigments, and the
results are recorded in Table 2.

The mean values of a*, b* and L* were calcu-
lated to observe the effect of each synthesis para-
meter on the color characteristics. The mean values
of a* b* and L* are shown in Figures 6a, 6b, and
6¢c, respectively. The chromatic difference values (AE)

were also evaluated for color quality control on the

basis of the color value of pigment sample No.l14
as a standard. The patterns of the mean value of
AE are shown in Figure 6d.

In Figures 6a and 6b, both a* (redness) and b*
(yellowness) values tended to increase with an increase
in HCI concentration. They increased particularly
between —10% and the standard HCl concentration
conditions. When the HCl concentration was increased
to +10%, there were no significant changes in a*
and b* values; indeed, there was a slight drop in
the b* value. This meant that the HCl concentration
could be controlled to at least the standard amount for
an intense yellower-red coloring, as well as decreased
to —10% for a better bluer-red hue, compared to the
current pigment. When the CaCl, concentration for the
coupling component was raised to +10%, the pigment
exhibited a slightly yellower-reddish color, as shown
by the slightly decreased a* and increased b* values.
If the pH was controlled as high as 9.5 during the
coupling reaction, the reddish shade of the pigment
diminished gradually and had a somewhat more bluish
shade, with the decreased patterns in both a* and b*
values. The effect of HCl concentration on both a*
and b* values appeared most prominently.

The CaCl, concentration and pH conditions seemed
not to affect either a* or b* values in comparison to

the HCl concentration.

Table 2. Color characteristics (L*a*b* values) of variously synthesized pigments

No. L* a* b* No. L* a* b* No. L* a* b*
1 26.1 472 30.9 10 27.4 49.9 33.9 19 28.8 50.4 21.6
2 29.4 42.7 18.1 11 26.7 50.0 343 20 29.2 50.0 31.9
3 24.3 455 29.7 12 27.8 49.3 32.0 21 27.9 49.3 33.2
4 27.9 442 259 13 29.2 48.7 30.2 22 27.7 50.0 323
5 26.3 454 28.5 14 28.4 49.5 31.3 23 28.4 50.9 33.1
6 28.9 40.3 21.7 15 27.0 479 30.7 24 28.9 474 28.8
7 26.3 457 27.3 16 27.1 49.8 33.0 25 27.2 51.1 34.8
8 29.9 452 27.4 17 27.2 49.1 31.9 26 29.5 47.8 30.0
9 26.5 46.4 28.4 18 26.7 48.0 31.7 27 24.5 48.4 33.4

Textile Coloration and Finishing, Vol. 27, No. 4
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Figure 6. Average a* b* L* and AE values, as functions of synthesis conditions.

The increase in both the average a* and b* values
with HCI concentration recorded was about 5 values.
The extent of change in the average a* and b*
values with CaCl, concentration or pH was about
0.5-1.5 wvalues.

In Figure 6c, the average L* (whiteness) value
also increased, particularly with HCl concentration. Neither
the CaCl, concentration nor the pH value appeared
to result in a certain trend in the average L* values.
Changes of £10% for both from the standard conditions
resulted in reduced L* values. These findings might
have been caused by heterogeneous particle size
distributions.

The color changes toward improved red and yellow
tones with higher whiteness upon increased HCI con-
centration might have been due to the decreased
particle aggregate size of the pigment. Particle/aggre-
gate size can influence the opacity, color strength,
and hue of pigments.

Not only the particle size, but also the particle size

distribution, can provide important information to control
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the color characteristics of pigments. Small and
uniform particles provide greater tinting strength and
purer color™®. Larger and heterogeneously sized particles
or aggregates allow more diverse light to pass through
the layer of painted film to be reflected from the
ground, thereby increasing its chromatic diversity™ .
For example, pigment particles of about one micron
in size have a distinct violet tint, differing from
the bright red color of sub-micron particles””*®.

Figure 7 shows an example of particle size dis-
tribution curves for the pigment samples with 10%
increase in only one parameter while holding other
two parameters at standard conditions.

In Figure 7, sample No. 23 that synthesized with
10% increase of HCI concentration showed a narrower
distribution curve of particle aggregate size compared
with the sample No. 15 and 17 which synthesized
with increases in the coupler components, ie., pH
and CaCl, concentration, respectively. The HCI con-

centration increment strongly influenced the reduction

of particle aggregate size and a narrow size distribut-



Particle Size, Morphology and Color Characteristics of C.I. Pigment Red 57:1 : 1, Effect of Snthesis Conditions

241

sene 015
7] - = No.17
~—
O — 0,23
—
w2
2
24
rar]
o
o 3
T 24
1]
£ 14
3
o 0
> 0.0 01 0.2 04 0.8 17 35 74 1537 330 696 1468 3096

Particle diameter (um)

Figure 7. Particle size distribution of pigment

samples (No. 15 sample was

synthesized under pH 9.5 and standard CaCl, and HCl concentrations. No. 17 sample
was synthesized under pH 85 and standard HCl concentration with 10% higher
concentration of CaCl,. No. 23 sample was synthesized under pH 85 and standard
CaCl, concentration with 10% higher concentration of HCI).

ion in the present study.

Smaller aggregates with uniform sizes as a result
of the HCI concentration increment might contribute
to the shift of the pigment color into strong reddish
the purer hue of a
and L*

and yellowish shades, i.e,
brilliant red color, with higher a*, b¥*,
values. Increments in the CaCl, concentration or pH
also resulted in smaller aggregate sizes, but the
particle size distributions were practically extended.
The small but heterogeneous particles which were
extensively aggregated caused the pigment to be
darker, bluer, and less reddish in color.

The pigments should not exhibit significant color
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differences with the synthesis condition changes that
lower electrical conductivity or reduce particle size.
However, AE results for the pigment appeared to be
influenced by the different synthesis conditions, as
shown in Figure 6d.

In the figure, the average AE values showed a
significant increase with a —10% change in HCI
concentration.

The decreased HCIl concentration resulted in a large
color difference in the pigment compared to the
standard pigment sample, No. 14.

The yellower-red pigments with increased HCI

concentration had little color difference, but the blue
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Figure 8. Scatter plots of particle size vs. a* and b* values of synthesized pigments.
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-shifted red pigments with decreased HCl concen-
tration signified a great color difference.

The drop in b* values might be the very direct
cause that brought about the color divergence’. The
average AE value resulting from CaCl, or pH para-
meter changes was only slightly affected.

The pigments with different CaCl, concentrations
or pH values during the coupling process nearly
retained their quality.

The modification of HCI concentration could be
detrimental to maintaining pigment quality, but even
favorable with respect to the pigment handling for
various coloring purposes.

Interestingly, all the average AE data were positioned
in the range 3.4-4.3, with the individual parameter
increments of +10%. The convergence of AE might
indicate that no matter which parameter was in-
creased by 10%, the final color change would appear
similar. Because the color characteristics of pigments
can be often interpreted with respect to their particle
size, the role of HCl concentration in pigment color
changes can be ascertained from Figure 4.

The increased HCI concentration strongly influenced
the particle aggregate size reduction as well as the
deviation of AE values. To support the correlation
between the particle aggregate size and color changes,
plots of particle aggregate sizes versus a* or b*
values for all the samples are described in Figure 8§,
to buttress the AE data in Figure 6d.

In Figure 8, both a* and b* values were posit-
ioned at higher value levels and converged, as the
particle aggregate size decreased. With increasing particle
aggregate sizes, both a* and b* values spread and
became lower at high declination. This pattern was
observed in Figure 6d, which showed a sharp increment
in AE as a result of decreased HCI concentration,
and was accompanied by a rapid increase in agg-
regate size, as seen in Figure 4.

This confirmed the resultant reddish as well as
yellowish color changes of the smaller aggregate-

sized pigments.
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4. Conclusion

Significant differences in the characteristics of azo
pigment particles of PR 57:1 were observed, de-
pending on the synthesis conditions, with an emphasis
on the alteration of particle (aggregates or agglo-
merates) size and colorimetric features. We deduced
the optimal synthesis conditions from various experiments
with changes in three parameters: controlling the
amount of HCl during the diazo reaction, and CaCl,
concentration and pH during the coupling reaction
to synthesize the pigment. CaCl, concentration had
the biggest influence to electrical conductivity control.
HCl concentration had the highest impact on the
particle aggregate size and color characteristics.

The normal magenta color of the pigment was
changed to brighter reddish and more yellowish shade
with lower color differences, AE, when the higher
HCl concentration was applied. A stronger bluish,
less reddish, and darker red color with a higher color
difference, AE, was exhibited with a lower HCI
concentration.

The HCI concentration might be one of key factors
to maintain the pigments color characteristics through
morphological features controlling such as particle
aggregate size and size distribution. We observed
the correlations between pigment particle aggregate
size and color changes in PR 57:1.

The most promising manufacturing conditions for
producing pigments with low ion conductivity were
proposed. And it was understood that how those
conditions can change particle aggregate size and
color characteristics even though the produced pig-
ment is not ready for applications. The pigment
particle morphology such as primary particle size
and state of dispersions from agglomerates/aggre-
gates are relevant for the pigment quality and color
characteristics for applications.

It has been known that this can be achieved via
a mechanical milling process, and we will be

discussed about this matter in the next series work.
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