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and lignin on intermolecular interaction
between quinacridone and lignocellulosic
fibers revealed by gel-state NMR and color
measurements
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Abstract

Quinacridone, a m-conjugated planar molecule, and common red pigment in industrial and painting applications,
easily aggregates to form large clusters of pigment particles, resulting in a reduction in color strength. Cotton-derived
cellulose nanofiber (NF), which almost consists of cellulose without hemicellulose and lignin, has been found to
adsorb quinacridone on the surface, which inhibits pigment aggregation. The aggregation inhibition property of
cellulose NF was induced by the strong intermolecular interactions between cellulose and quinacridone. In this study,
the properties of lignocellulosic fibers for suppressing the aggregation of quinacridone pigments were investigated
to reveal the influence of hemicellulose and lignin on the intermolecular interactions between quinacridone and
fibers. Two lignocellulosic fibers with different degrees of fibrillation were used as dispersants of the pigment. In the
scanning electron microscopy (SEM) images of the quinacridone-lignocellulose mixture, quinacridone particles

were observed along the lignocellulose fiber, indicating that the quinacridone particles were well-adsorbed on the
fiber surface. Consequently, the color of the aqueous suspension of quinacridone-lignocellulose mixture became
increasingly vivid as the weight ratio of the lignocellulose fibers increased and as the fiber was fibrillated. The nuclear
Overhauser effect spectroscopy (NOESY)-nuclear magnetic resonance (NMR) spectrum for quinacridone-lignocellu-
lose suspension in d-dimethyl sulfoxide showed several NOE cross-peaks between quinacridone and cellulose/hemi-
cellulose, whereas no cross-peaks between quinacridone and lignin were observed. It can be concluded that cellulose
and hemicellulose promote the adsorption of quinacridone on the fiber surface, whereas lignin does not interact with
quinacridone, even though both are aromatic molecules. This suggests that the intermolecular interactions based

on hydrogen bonding and CH- attraction are more dominant than the m—m attraction between quinacridone and
lignocellulosic fibers.
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Introduction

Organic pigment molecules tend to intrinsically assem-
ble through intermolecular interactions to form aggre-
gates. Suppression of pigment aggregation is a problem
in the coloration industry, because aggregate formation
causes undesired color changes [1, 2]. Quinacridone, a
widely used red—violet pigment, is prone to aggregation
because of intermolecular N-H:--O hydrogen bonding
and m—m stacking [3]. Recently, we reported that cellulose
nanofiber (NF) and chitosan NF are potential dispersant
materials for quinacridone [4, 5]. Both NFs effectively
adsorb quinacridone particles and suppress the aggrega-
tion of quinacridone. Gel-state nuclear magnetic reso-
nance (NMR) spectroscopic investigations indicated the
existence of an intermolecular interaction between the
NFs’ surface and quinacridone. The nuclear Overhauser
effect spectroscopy (NOESY)-NMR analysis for the cel-
lulose NFs and quinacridone mixture suspended in deu-
terated solvents, termed gel-state NMR analysis, detected
cross-peaks between signals assigned to cellulose and
quinacridone. This suggested that there should be hydro-
gen bonding between the glucose repeating unit of cel-
lulose and the NH group of quinacridone, as well as the
CH-m interaction between the CH group of cellulose and
the aromatic group of quinacridone. These interactions
should achieve a high quinacridone adsorption perfor-
mance of the cellulose NF. As a result, the adsorption of
quinacridone primary particles onto cellulose NFs is pre-
ferred to the aggregation of quinacridone primary par-
ticles, to inhibit quinacridone aggregation. In contrast,
the chitosan NF was found to interact with quinacrid-
one dominantly through hydrogen bonding between the
glucosamine repeating unit of chitosan and the carbonyl
group of quinacridone, as revealed by gel-state NMR.
Therefore, the interaction between the components of
NFs and quinacridone was important for suppressing
quinacridone aggregation using polysaccharide NFs.

In our previous study, cotton powder, which consists
of more than 99% cellulose, was used as a raw mate-
rial for NFs with the intention of displaying the prop-
erties of cellulose. However, major cellulose NFs made
from biomass, such as wood, ground pulp, kraft pulp,
and agricultural residues, contain cellulose and other
components such as hemicellulose and lignin [6, 7]. In
bioresources, cellulose, hemicellulose, and lignin inter-
act with each other and some of them are covalently
linked [8, 9]. For example, hemicellulose is considered
to coat the lignocellulose NF surface, although its dis-
tribution varies among plant species, as revealed by
monitoring the enzymatic hydrolysis of lignocellulosic
NFs using a quartz crystal microbalance [10]. In spruce
secondary cell walls, hemicelluloses glucomannan and
xylan exist close to cellulose microfibrils and lignin,
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as investigated using '*C multidimensional solid-state
NMR spectroscopy [11]. Therefore, it is assumed that
hemicellulose and lignin influence the surface proper-
ties of lignocellulosic NFs and, therefore, the adsorption
behavior of pigment molecules, including quinacrid-
one. Because quinacridone is a m-conjugated planar
molecule, the m—m intermolecular interaction between
quinacridone and lignin is expected, potentially result-
ing in improved dispersion properties for quinacridone
and a better color appearance than cotton-derived cel-
lulose NFs.

In this study, the properties of lignocellulosic fibers
as pigment dispersants were investigated. Two fibril-
lated softwood mechanical pulps were used as ligno-
cellulosic fibers, named lignocellulose microfiber (MF)
and lignocellulose NF in this paper. The adsorption of
quinacridone onto lignocellulosic fiber and aggrega-
tion inhibition behavior were evaluated using scanning
electron microscopy (SEM). The molecular interactions
between lignocellulose and quinacridone were verified
by gel-state NMR spectroscopy. The color properties of
the quinacridone/lignocellulosic fibers were compared
with those of pure cellulose NF. Finally, we discuss the
intermolecular interactions between quinacridone and
lignocellulosic fibers. In this study, we demonstrated
that cellulose and hemicellulose interact well with quin-
acridone via hydrogen bonding and CH-m attraction,
whereas lignin does not interact with quinacridone.

Experimental

Materials

Quinacridone powder (y-form) was treated with salt
milling to decrease the diameter of the primary par-
ticles. The milled quinacridone obtained was washed
with water and used without drying to inhibit further
aggregation. The diameter of the primary particles was
approximately 60 nm, as determined using transmission
electron microscopes (JEM-1011, JEOL Ltd., Tokyo,
Japan). Two fibrillated softwood mechanical pulps were
obtained from Daio Paper Corporation (Tokyo, Japan).
The lignocellulosic fibers before and after mechanical
fibrillation were named lignocellulose MF and lignocel-
lulose NF, respectively. The composition of the ligno-
cellulosic fibers is listed in Table 1, which shows that
the main components of hemicellulose components
are glucomannan and xylan, and over 30% of the wood
components are lignin. The neutral carbohydrates com-
ponents showed that lignocellulosic fiber contained
glucomannan and xylan as hemicellulose. Deuterated
dimethyl sulfoxide (DMSO-d;) was purchased from
Wako Pure Chemical Industries Ltd. (Osaka, Japan).
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Table 1 Results of fraction analysis of lignocellulose MF

Neutral sugar (relative amount (%))? Klason lignin Acid soluble lignin Ash
Arabinose Xylose Mannose Galactose Glucose (%) (%) (%)

0.0 75+073 17.2+0.52 0.0 753+044 31.2+0.16 45+0.30 1.2+0.06

2 Relative amount (sum of neutral sugar =100%)

Characterization of lignocellulosic fibers

For Brunauer—-Emmett-Teller (BET) analysis, parts of the
aqueous suspension of lignocellulosic fibers were sub-
jected to solvent exchange with fert-butyl alcohol and
freeze-dried. Nitrogen adsorption isotherms of the dried
fibers were obtained using a BELSORP-max instrument
(BEL Japan, Inc., Osaka, Japan). The specific surface areas
of the lignocellulosic fibers were calculated from BET
plots. Chemical composition of lignocellulose MF were
determined according to the procedure reported from
National Renewable Energy Laboratory (NREL) with
some modifications [12]. Ash content was calculated
from residue after thermal treatment at 600 °C for 24 h.
Klason lignin was collected as a residue after the acid
hydrolysis of the dried lignocellulose MF. The amount of
acid soluble lignin was determined using UV-Vis spec-
trum of filtrate after acid hydrolysis. The composition of
the neutral carbohydrates was determined by ion chro-
matography after acid hydrolysis. Fourier transform
infrared (FTIR) spectra of lignocellulose MF and NF were
obtained on an FTTIR spectrometer Frontier (Perki-
nElmer Inc., MA, USA) equipped with a diamond/ZnSe
attenuated total reflectance. A processing software Spec-
trum IR version 10.6.1 (PerkinElmer Inc., MA, USA) was
used. Both spectra were normalized using absorption
peak at 1317 cm™ .

Adsorption quinacridone particles onto lignocellulosic
fibers

Suspensions of lignocellulose MF and NF (2.0 wt%) were
prepared by diluting with distilled water. A portion of the
lignocellulose suspension was added to 7.9 g of the 2.5
wt% quinacridone suspension. A series of quinacridone—
lignocellulose mixtures was prepared, and the weight
ratios of quinacridone to the lignocellulosic fibers were
adjusted to 2:1, 1:1, 1:2, 1:4, 1:9, and 1:19 (w/w). Then,
distilled water was added to each suspension to increase
the mass to 200 g to achieve a quinacridone concentra-
tion of 0.1 wt%. Subsequently, pigment particles and lig-
nocellulose were dispersed for 1 min using an ultrasonic
homogenizer US-150 T (NIHON SEIKI Co., Ltd., Tokyo,
Japan) equipped with a 20 mm diameter probe tip at
19.5 kHz. Quinacridone water dispersion (0.1 wt%) was
prepared as a control.

SEM observation

Portions of lignocellulose and quinacridone-lignocel-
lulose aqueous suspensions were subjected to solvent
exchange with tert-butyl alcohol and freeze-dried.
Dried samples were placed on conductive tape and
coated with osmium using an osmium coater (Tennant
20, Meiwafosis Co., Ltd., Tokyo, Japan) before observa-
tion. Observations were performed using field-emission
SEM $-4800 (Hitachi High-Tech Corp., Tokyo, Japan).
The acceleration voltage was adjusted to 1.0 kV.

NMR measurements

The NMR test sample was prepared as previously
reported [4]. A portion of the quinacridone-lignocel-
lulose NF mixture (1:9, w/w) was treated with acetone,
and the precipitate was collected via filtration. This pro-
cedure was repeated twice. The collected mixture was
then dried under reduced pressure at room tempera-
ture. The dried samples were cryogenically pre-ground
for 30 min at 30 s intervals using a cryogenic sample
crusher JFC-300 (Japan Analytical Industry Co., Ltd.,
Tokyo, Japan). A 30 s break was taken between each
crushing process. Subsequently, further pulverization
was performed by ball milling using a PULVERISETTE
7 planetary mono micro mill (Fritsch GmbH, Idar-
Oberstein, Germany). A zirconium dioxide vessel and
balls (¢5 mm) were used. The spun samples were spun
at 600 rpm for 20 min in intervals with 20 min inter-
val breaks. This process was repeated twelve times. The
ball-milled samples (10 mg) were dispersed in 0.7 mL
DMSO-dg by sonication for 6 h using an ultrasonic
cleaner ASU-10 M (AS ONE Corp., Osaka, Japan).
NMR spectra were recorded on a 400 MHz NMR spec-
trometer (Agilent Technologies, Santa Clara, CA, USA)
at room temperature and 80 °C. To control the spec-
trometer and process the spectra, Agilent’s software
Vnmr] 4.2 was used. The 'H, ®*C-'H heteronuclear
single quantum coherence (HSQC), and NOESY NMR
were measured by Agilent standard pulse sequences
‘Proton, ‘Gradient HSQCAD, and ‘NOESY, respec-
tively. The DMSO central peak was used as the inter-
nal reference (8/8;;: 39.50/2.49 ppm). The contours in
HSQC-NMR spectra were colored using Adobe Photo-
shop Element 14 (Adobe Inc., San Jose, USA).
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Color measurements

To evaluate the color of quinacridone-lignocellulose
aqueous suspensions, an L* a* b* system was used.
The color properties L*, a*, and b* represent the light-
ness, green (—)/red (+) axis, and blue (=)/yellow (+)
axis, respectively. The quinacridone-lignocellulose
suspensions described above, which the concentration
of quinacridone was 0.1 wt%, were used without dilut-
ing. The reflectance spectra of the suspensions were
recorded using a CM 3600A spectrometer (KONICA
MINOLTA, Inc., Tokyo, Japan). A standard D65 illumi-
nant was irradiate from the side of the cell with a white
calibration plate on the other side of the cell. The light
path length through the dispersion was 4 mm. To detect
the reflected light, the specular component included
(SCI) mode and a 2° angle for a normal observer were
selected. The color properties L*, a*, and b* were deter-
mined from the reflectance spectra using the process-
ing software CM-S100w (KONICA MINOLTA). All
measurements were performed more than thrice for
each suspension. To minimize the effects of sedimenta-
tion, the color parameters at different locations for each
dispersion were measured and were averaged.
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Results and discussion

Characterization of lignocellulosic fibers

The specific surface areas of lignocellulosic MF and NF
was determined from BET plots of their nitrogen adsorp-
tion isotherms and were 29.5 and 78.1 m?/g, respec-
tively. The morphology of the freeze-dried fibers was
observed by SEM. The lignocellulosic MF exhibited thick
fibers with diameters of several micrometers (Fig. 1a).
After mechanical treatment, the fibers with several tens
to several hundred nanometers in diameter with high
aspect ratio were observed, although some fibers with a
micrometer in diameter also existed (Fig. 1b). The fiber
after mechanical fibrillation was named lignocellulosic
NE, because cellulosic fibers with nanometer diameters
with high aspect ratio are called cellulose NF [13]. Frac-
tion analysis of lignocellulosic MF is shown in Table 1.
In the FTIR spectrum of lignocellulosic MF (Fig. 2a),
absorption peaks of lignin were observed at 1600 cm™
(C=C stretching of aromatic moiety), 1509 cm™! (C=C
stretching of aromatic moiety), and 1453 cm™! (asymmet-
ric bending in CH; of lignin), respectively [14]. In addi-
tion, adsorption peaks at 1424, 1370, 1317, 1056, 1032,
and 896 cm ™! related to cellulose were also detected [15].
A negligible absorption around 1740 cm™! suggested

(M)

Fig. 1 SEM images of a lignocellulose MF, b lignocellulose NF, and 4 and d quinacridone
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Fig. 2 FTIR spectra of, lignocellulose a MF and b NF

that lignocellulosic fibers used in this study contain lit-
tle acetyl groups in glucomannan fraction [16]. The FTIR
spectrum of lignocellulosic NF (Fig. 2b) was accordance
with that of lignocellulosic MFE, indicating the compo-
nents were same before and after fibrillation.

Adsorption of quinacridone on lignocellulosic fibers
Quinacridone molecules tended to assemble and form
primary particles. Because the surface energy of small
primary particles is high, they aggregate into large clus-
ters called secondary particles. The average size of the
primary particles of quinacridone used in this study was
60 nm (Fig. 1c). Secondary quinacridone particles were
observed in the absence of lignocellulosic fibers or addi-
tives (Fig. 1d). The quinacridone secondary particles were
several micrometers in diameter.

To investigate the quinacridone aggregation inhibi-
tion behavior of lignocellulosic MF and NF, quinacrid-
one and lignocellulose water suspensions were mixed as
previously reported [5]. Figure 3 shows the morphology
of freeze-dried quinacridone-lignocellulose mixtures. In
the quinacridone-lignocellulose MF mixture (2:1, w/w),
quinacridone secondary particles>1 pm in diameter
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were observed which is indicated by ‘A’ in Fig. 3a. When
the amount of lignocellulose MF increased to nine
times that of quinacridone, quinacridone aggregation
decreased; however, aggregations existed (Fig. 3b, B). In
addition, the quinacridone-lignocellulose NF mixture
(2:1, w/w) also contained aggregated quinacridone parti-
cles (Fig. 3¢, C). However, as the amount of lignocellulose
NF increased, the dispersion of the quinacridone primary
particles progressed (Fig. 3d—f). Hence, the fibrillation of
lignocellulose improved quinacridone aggregation inhibi-
tion ability. Few quinacridone aggregates were observed
in the quinacridone-lignocellulose NF mixture (1:9,
w/w). These results were similar to those obtained using
cellulose NFs. Therefore, lignocellulose NF has quina-
cridone aggregation inhibition ability, suggesting that
hemicellulose and lignin did not diminish quinacridone
adsorption capacity.

NMR spectroscopy

NMR measurements of quinacridone—cellulose NF and
quinacridone—chitosan NF mixtures indicated that the
intermolecular interaction between quinacridone and NF
was different by the chemical structure of NF constitu-
ents. Such difference was suggested to affect quinacrid-
one aggregation inhibition property of NF [5]. Because
the SEM observations suggest that lignocellulose NF
adsorbed more quinacridone primary particles than lig-
nocellulose MF, the intermolecular interaction between
quinacridone and lignocellulose NF (1:9, w/w) was inves-
tigated using gel-state NMR. Gel NMR spectroscopy was
originally proposed by Mansfield et al. [17] and we devel-
oped its application in the intermolecular interaction
analysis of polysaccharide NFs [4]. This technique ena-
bles the analysis of insoluble samples in common NMR
solvents with the advantage of solution-state NMR spec-
troscopy to identify the chemical compounds and evalu-
ate intramolecular interactions.

The quinacridone-lignocellulose NF mixture was
dried, cryogenically pre-ground, and ball-milled. The pul-
verized mixture was then dispersed in DMSO-d,. After
the suspension was treated with an ultrasonic cleaner,
quinacridone-lignocellulose NF (1:9, w/w) were stably
dispersed.

First, we determined the optimum temperature for
NMR measurements of the quinacridone-lignocellulose
NF mixture. The measurement temperature was varied in
the range 23-80 °C, and the detectability and resolution
of 'H signals derived from quinacridone were compared.
Some of the results are shown in Fig. 4. The resolution
of the signals assigned to quinacridone improved with
increasing measurement temperature. Accordingly, it
was concluded that the spectrum measured at 80 °C had
the highest resolution. In the previous study [4], '"H-'H
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Fig. 3 SEM images of quinacridone-lignocellulosic fiber mixtures. The mixtures of quinacridone and lignocellulose MF a 2:1 (w/w), b 1:9 (w/w), and
the mixtures of quinacridone and lignocellulose NF € 2:1 (w/w), d 1:1 (w/w), e 1:4 (w/w), and f 1:9 (w/w). Arrows indicate quinacridone particles

NOESY-NMR spectrum of quinacridone—cellulose NF
mixture suggested the interaction between aromatic
moiety of quinacridone and H3 and H4 of the glucose
repeating unit of cellulose, denoted as G3 and G4. How-
ever, the possibility of the interaction between quina-
cridone and water could not be excluded, because 'H
signals assigned to G3, G4, and water were overlapped.
Those signals detected at approximately §=3.0 ppm at
30 °C. In Fig. 4, as the temperature increased, the signal
of water shifted to upper magnetic field, while the chemi-
cal shifts of G3 and G4 were almost same irrespective of
temperature. Finally, at 80 °C, the signal of water became

distinguishable from the signals derived from G3 and G4
of cellulose, successfully indicating that the interaction
between quinacridone and cellulose. From these results,
the NMR experiments were conducted at 80 °C.

The HSQC-NMR spectrum of the quinacridone and
lignocellulose NF mixture is shown in Fig. 5. Cross-
peaks assigned to quinacridone, cellulose (glucose unit),
mannan (mannose unit), xylan (xylose unit), and lignin
(B-O-4 structure) were detected. Each peak was identi-
fied by comparing with the NMR spectra in the litera-
ture [18—22]. The correlation peaks assigned to the C5/
H5 of glucose and mannose were not detected under the



Saito et al. Journal of Wood Science (2023) 69:20 Page 7 of 11
Q6, | Q1,Q8 Q4. Q1T Q2,Q9 “‘ o
013\ | Q3.Q10 L' l/ Gb,ﬁ-0-4(v,OCHg){\HZO 30°C
I .. 3 DMSO
e M1, OH, p-0-4 (a) J\‘w’ “ G2, g
— 8 — 7 B-0-4 (2,5, 6) \. G\I/Xlg \1\ x2 ‘
— b Y4 / 1
Q-NH\‘\ wau VA KJW\V“/ M _ J‘\m_ | ]
13 12 11 10 9 8 7 6 5 4 321 0
ppm
\ J e
| | I oo
,,Jl MJ‘h ;JleWfﬁ"/ Ml
W
| ‘
87 ‘ N Teans
| ) TSR e N
13712 117 10 9 T8 7 6 S5TTTA 3271 0

ppm

e

I

MJL..JU W‘f"wwb"\wm/

60 °C

1377127717710 9T T 8T T e TS T T AT T T
ppm
G2, H,O \“ 40 °C
i P G3,G4 | |
,JU‘[ N4 i
- ‘ - M1 \’\1 X1/ {\ “
8 7 B-O-4 (o) \‘ m/ ,Jr Wl “
LN‘,\__‘U\WA/\\Q/‘WU S \J'\*\LL«_,J\_.*“_‘

371271710 TTe T T s T T AT

ppm
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suspended in DMSO-dg. G, X, and M represent glucose, xylose, and mannose units, and 3-O-4 denote (3-O-4 unit of lignin. The chemical structure of

each unit shows in Fig. 5

measurement conditions. The signals owing to quinacri-
done, except for NH, were detected at almost the same
chemical shifts as in a previous study [4]. The chemical
shifts of quinacridone, polysaccharides, and lignin barely
changed regardless of the temperature increase, except
for the NH proton of quinacridone. Although the chemi-
cal shift of the NH group of quinacridone was changed
from 11.9 ppm at 23 °C to 11.6 ppm at 80 °C (Fig. 4), this

may be independent of lignocellulose NF, because similar
behavior was observed when measuring the dispersion
of quinacridone alone. Therefore, a NOESY experiment
of the quinacridone-lignocellulose NF mixture was con-
ducted to investigate the intermolecular interactions
between quinacridone and lignocellulose.

Next, 'H-'H NOESY-NMR measurements of quin-
acridone-lignocellulose NF were performed. The
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cross-peaks detected in this experiment suggest that
protons exist closer than 5 A or exchange [23]. A dif-
ferent lot of the quinacridone-lignocellulose NF mixture
was used in the NOESY experiment after confirming
that a same 'H NMR spectrum as in Fig. 4 was obtained.
Similar to the quinacridone—cellulose NF mixture, cross-
peaks between the signals of quinacridone and G3 or G4
cellulose were observed (region A of Figs. 6 and 7). In
addition, there were signal cross-peaks at approximately
8.2-8.3 ppm and 4.3-4.6 ppm (region B of Figs. 6 and 7).
In the 4.3-4.6 ppm region, H1 of mannose was detected

in the HSQC-NMR spectrum (Fig. 5). Therefore, glu-
comannan may exist closely to quinacridone particles.
In addition, although the peak area was small, the cross-
peak between Q1, 8 and each H1 of glucose and xylose
were observed. These results suggested that cellulose and
hemicellulose may have contributed to the adsorption of
quinacridone particles. They are considered to interact
with quinacridone at several positions via CH-m interac-
tions and hydrogen bonding. Unexpectedly, no apparent
cross-peaks between the aromatic moieties of lignin and
quinacridone were observed. This result indicated that
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there may be few intermolecular interactions between
the aromatic moieties and quinacridone via the m-m
interactions. In addition, lignin is a steric and amorphous
phenolic polymer, whereas quinacridone has a planar
structure. Thus, one possible reason for the low affinity
between lignin and quinacridone is the steric hindrance.

Cellulose, chitosan, and lignocellulose interacted
strongly with quinacridone; however, their mechanisms
were different. Comparing the interaction between
NFs and quinacridone, which has been investigated,
there may be CH-mn interactions and hydrogen bonding
between quinacridone and the glucose, mannose, and
xylose units of polysaccharides. However, the n—m inter-
actions between lignin and quinacridone can be negli-
gible. Therefore, cellulose and lignocellulose NF should
adsorb quinacridone induced by CH-mt interactions and
hydrogen bonding. Unlike cellulosic fibers, chitosan
NFs interact with quinacridone via hydrogen bonding
through the NH group of quinacridone.

Color measurement

The quinacridone and quinacridone-lignocellulosic
NF dispersions showed different hue, although the
quinacridone concentration was constant (Fig. 8). The
color of quinacridone—cellulose aqueous suspensions
depends on various conditions, such as quinacridone
concentration and aggregate formation, the weight
amount of cellulosic fibers, and degree of cellulosic
fiber fibrillation [5, 24]. In several cases, it was indi-
cated that parameters L* and a* increased, whereas
parameter b* decreased when quinacridone aggregation

Fig. 8 Photographs ofqumacrldone aqueous dispersion. Left:
quinacridone dispersion and right: quinacridone-lignocellulosic
NF mixture (1:19, w/w). In both dispersions, the concentration of
quinacridone was 0.1 wt%
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Fig. 9 Influence of lignocellulose on color parameters. a L* (lightness), b a* (green (=)/red (+) axis), and ¢ b* (blue (=)/yellow (+) axis). Closed

circle: lignocellulose MF and open circle: lignocellulose NF

was disassembled by treatment with an acrylic poly-
mer dispersant, when compared to the color of the
quinacridone aqueous suspension [5]. Figure 9 shows
the influence of lignocellulosic fibers on the color
parameters of the quinacridone aqueous dispersion.
The values of parameters L*, a*, and b* of the 0.1 wt%
quinacridone aqueous suspension measured using the
same color spectrometer were 20.99, 31.63, and 4.38,
respectively [5]. These values varied with the addition
of lignocellulosic fibers, although the concentration of
quinacridone was the same. The color parameters, L*
and a*, increased as the weight ratio of lignocellulose
MF increased. This indicated that the dispersion color
became brighter. The parameters L* and a* increased
further when quinacridone was treated with lignocel-
lulose NF, as compared to lignocellulose MF. Moreover,
the b* value of quinacridone-lignocellulose NF aque-
ous suspensions decreased as the lignocellulose NF
increased. However, the b* value of quinacridone-lig-
nocellulose MF was practically equal irrespective of the
amount of lignocellulose. This result was in accordance
with the quinacridone aggregation inhibition observed
using SEM. Therefore, as is the case of cellulose NF [24],
it was suggested that the addition of lignocellulose NF
suppressed quinacridone aggregation and can improve
the color strength of quinacridone. When quinacridone
was treated with 19 times more lignocellulose NF, the
color parameters L*, a*, and b* of the suspension were
35.33, 47.52, and 1.37, respectively. Except for b*, these
values were nearly equal to the color parameters of
quinacridone—cellulose NF mixture (1:19, w/w), which
were calculated to be 34.67, 46.45, and — 1.76 [5]. The
reason for the difference in parameter »* may be related
to the difference between the color of the mechanical
pulp and cotton cellulose. Overall, the properties of
the lignocellulose NF as a dispersant for quinacridone

are expected to be comparable to those of cellulose NF,
which consists almost entirely of cellulose.

Conclusions

The influence of hemicellulose and lignin on the adsorp-
tion of quinacridone on lignocellulosic fibers was investi-
gated. Fibrillated mechanical pulps containing cellulose,
lignin, and hemicellulose were used. Lignin and hemicel-
lulose did not affect quinacridone adsorption onto cel-
lulose fibers. Furthermore, lignocellulose NFs exhibited
quinacridone aggregation inhibitory properties similar to
those of cellulose NF without lignin and hemicellulose. In
addition to cellulose fibers, fibrillation of lignocellulose
improved the inhibition of quinacridone aggregation.
The gel-state NMR analyses of quinacridone-lignocel-
lulose NF indicated that xylan, glucomannan, and cellu-
lose interacted with quinacridone, whereas lignin hardly
interacted with quinacridone. In conclusion, lignocellu-
lose NFs are expected to be potential materials for quina-
cridone dispersants as well as pure cellulose NFs without
hemicellulose and lignin.
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