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ABSTRACT: Inks composed of renewable resources are important for the environment protection. We report preparation of a new

type of edible chitosan-based flexographic ink. The performance of three inks, containing three different molecular weight (MW) chi-

tosan, was analyzed by the different experimental techniques. The Ink viscosity was investigated from the parameters shear rate, time,

temperature, and flexographic printing simulation. The printing quality on coated paper was studied by the scratch resistance, contact

angle, print fastness, chromatic aberration, and dot gain. Viscosity recovery rate reached 69% after 6 s, and the print fastness was up

to 91%. The experimental DE is 0.97, the dot gain is 23%, and contact angle is 698 for the best ink. Experimental results indicate

that the developed ink is suitable for the flexographic printing with good application prospects. VC 2016 Wiley Periodicals, Inc. J. Appl.

Polym. Sci. 2016, 133, 43997.
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INTRODUCTION

Inks composed of renewable resources are increasingly intro-

duced to the market to meet the requirements of environmental

protection, safety, and hygiene, which enjoy great popularity.1

The edible ink is a polymer-dispersing system, among which the

resin is of vital importance for protecting the pigment and

forming the ink coating. Currently there are edible inks using

environmentally safe materials, such as propanediol, maltose,

corn starch, gumarabic, sucrose, and glucose as resins.2–4 They

were mostly used in lithographic printing and inkjet printing.5,6

However, types of resin used in edible inks are small.

Chitosan can act as the resin for edible inks, because it possesses

the film-forming ability, mechanical strength, edibility, nontox-

icity, biodegradability, and high biocompatibility.7–11 Also, it is

the second largest natural biological organic resource in nature

after cellulose and is used in many fields at present.12,13

Though there were some similar reports about inks containing

chitosan, these seldom studied viscosity properties and the

detailed printing quality.14 Nowadays, although flexographic

printing (Figure 1) is one of the fastest growing printing ways

worldwide with characteristics of no pollution, high efficiency,

and high yield,15–17 the edible flexographic ink is rare in our life

and research. In this article, we report preparation of environ-

ment friendly, edible flexographic ink containing different

amount of chitosan with different MWs as resin, evaluation of

viscosity properties, and printing qualities.

EXPERIMENTAL

Materials

Molecular weights (MWs) of chitosan-1, chitosan-2, and

chitosan-3 are 30, 80, and 230 kDa, respectively, with their

deacetylation degree being 85% (Shanghai Ruji Biotechnology

Development Corporation, Shanghai, China). Pigment Red 101

(Fe2O3, diameter <45 lm) (Cathay Pigments (China) Ltd,

Shanghai, China) was adopted. Polysorbate 80 (Aladdin, Shang-

hai, China) served as the surfactant to promote the stability of

inks.18 Soybean oil was the antifoaming agent. The ordinary

standard ink was purchased in supermarket (Tianjin Enterpris-

ing Xin Trading Corporation, Hebei, China).

Ink Preparation

The ink preparation involved in three formulations (Table I).

The process: the chitosan ((C6H11NO4)n) acid solution was

added with the quantitative pigment (Fe2O3), polysorbate

(C24H44O6(C2H4O)n), ethanol (C2H5OH), and soybean oil and

stirred together at the speed of 1500 rpm. As resin, chitosan

could protect the pigment, sustain the stability and dispersity of

ink system with surfactant, and form into the compact ink coat-

ing (Figure 2). During the process, Weissenberg effect could be

seen and should be taken into account. Then it was placed in
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the horizontal planetary ball mill (XQM-0.4) (Changsha Tencan

Powder Technology Co., Ltd, Hunan, China) to grind for 4 h.

Finally, samples were obtained, i.e., ink A, ink B, and ink C.

Viscosity under Shear Rate Ramp

The rheometer (KINEXUS PRO; Malvern, Shanghai, China)

would be operated similarly to the way in the study of Payne

et al., Hussain et al., and Faddoul et al.19–21 The shear rate

range was from 0.01 to 10000 s21. All the procedures were per-

formed at 25 8C with 50% relative humidity (RH). Also, samples

for each formulation were put in storage at 0, 25, and 65 8C of

which the viscosity was measured every 5 days. The relationship

between viscosity and shear rate is in accordance with the fol-

lowing equation:

ha gð Þ5s gð Þ=g (1)

where ha (g) is viscosity, s (g) is shear stress, and g is shear

rate.

Viscosity during the Simulation of Printing Process

To clarify the rheological properties during the flexographic

printing, the process was simulated.21 There were three proc-

esses at 25 8C with 50% RH. First, the viscosity was evaluated at

the shear rate 0.1 s21 for 3 s, which was close to the ink state

in the ink fountain reservoir before flexographic printing. Sec-

ond, shear rate was increased to 500 s21 for 3 s, which was

almost equal to the printing speed during flexographic printing.

Third, the shear rate was dropped to 0.1 s21 for simulation of

the viscosity recovery after flexographic printing, which kept

for 9 s.

Flexographic Printing

The developed inks were applied to the flexographic press

(Shanghai Modern Environmental Engineering Technology

Corporation, Shanghai, China) on the 80 g m22 coated paper.

Scratch Resistance

At 25 8C with 50% RH, the pencil hardness tester (JISK5401

ASTMD2197; Shenzhen Suderui Technology Corporation,

Guangdong, China) was used for the scratch resistance,22 which

was in accord with ISO 15184:2012.

Contact Angle

The contact angle of water on prints was measured by contact

angle measurement instrument JC2000DF with digital camera

(Beijing Zhongyikexin Technology Corporation, Beijing, China)

at 25 8C with 50% RH. At least eight samples of each formula-

tion were tested, and the relative standard deviation should be

less than 5%.23

Optical Density and Print Fastness

At 25 8C with 50% RH, X-rite SpectroEye (Shenzhen Sanenchi

Technology Corporation) was used to investigate the optical

density of prints and then measure again the density of the

print after being rubbed by the MCJ-01A friction machine,

indicating the colorant retention.24,25 The fastness could be cal-

culated according to the following equation on the basis of the

regulation of China national standard GB/T 17497.1-2012:

As5 D2=D1ð Þ3100% (2)

where As is the print fastness, D1 is the optical density values

measured on coated paper before rubs, and D2 is the optical

density values measured on coated paper after rubs.

Figure 1. The flexographic printing process.

Figure 2. Chitosan acid solution development and its sustainability for

ink components.

Table I. The Formulations of Edible Inks (Mass %)

Chitosan Pigment (%)
Acetic
acid (%)

Deionized
water (%) Ethanol (%)

Polysor-bate
80 (%)

Soybean
oil (%)

Ink A Chitosan-1, 2% 27.5 0.81 39.69 29.8 0.1 0.1

Ink B Chitosan-2, 2% 27.5 0.81 39.69 29.8 0.1 0.1

Ink C Chitosan-3, 2% 27.5 0.81 39.69 29.8 0.1 0.1
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Chromatic Aberration

Under the illuminant D50 (simulated sunlight, color tempera-

ture: 5000 K) (ISO 13655:2009) with a viewing angle of 28 at

25 8C with 50% RH, the color measurement instrument NS820

(Shenzhen Sanenchi Technology Corporation) was used to mea-

sure L�, a�, and b� of prints. Then DL (positive values indicate

bright and negative values indicate dark), Da (positive values

indicate red and negative values indicate green), Db (positive

values indicate yellow and negative values indicate blue), and D
E (chromatic aberration) could be calculated by the following

equations26–28:

DE5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
DLð Þ21 Dað Þ21 Dbð Þ2

q
(3)

DL5L�2L�P; Da5a�2a�P; Db5b�2b�P (4)

where L�, a�, and b� are values of prints of the developed inks

and L�P, a�P, and b�P are values of prints of the ordinary standard

inks.

Dot Gain

X-rite SpectroEye (Shenzhen Sanenchi Technology Corporation)

was used to test the dot area rate of grade blocks (5, 10, 15, 20,

25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, and

100%) at 25 8C with 50% RH. The dot gain, a vital factor for

the printing quality,29 was calculated via the following equation:

Z5a2F (5)

where Z is the dot gain value, a is the dot area rate on the

print, and F is the dot area rate on the original corresponding

printing plate.

RESULTS AND DISCUSSION

Viscosity under Shear Rate Ramp

Shear rate range from 0.01 to 10,000 s21 was realized by the

rheometer (KINEXUS PRO), during which viscosity of all inks

changed. The shear thinning thixotropic behavior and pseudo-

plastic property were obvious in developed inks (Figure 3),

which were conducive to leveling, draining and pumping.30,31

Viscosity decreased with an increase in shear rate and recovered

with the decrease in shear rate. The structure recovery of ink A

was poor with the lowest viscosity reaching 1.2 3 1022 Pa s,

which might cause the phenomenon of pigment sinking and

unfavorable transferring. With the lowest viscosity of

2.9 3 1022 Pa s, ink C possessed the ability to rebuild the

structure when the shear rate decreased, exhibiting good thixo-

tropic behavior, ensuring the ink to transfer continuously dur-

ing printing.

During the printing, the developed inks should own thixotropy

that will benefit the process. The ink viscosity will decrease with

the liquidity enhanced because of the shearing of the roller.

This will help ink to transfer smoothly and uniformly. After the

ink is transferred onto the paper, the physical shearing disap-

pears. Then viscosity increases, and the liquidity decreases,

ensuring the fixing of ink on the coated paper.

Influence of Temperature and Time on Viscosity

After storage for 60 days at 0 8C, the viscosity of ink B and ink

C changed little, while that of ink A decreased slightly in the

later process (Figure 4). At 25 8C, the viscosity of the ink C

almost had no change and that of ink A and ink B kept

decreasing after 30 days. At 65 8C, the viscosity of ink A and ink

B dropped obviously by 9.5 3 1022 and 1.25 3 1021 Pa�s,

respectively, while that of ink C only descended by

4.7 3 1022 Pa�s. The viscosity change process was similar to

study of Hicks et al.32 At the same temperature, the chitosan

Figure 3. The relationship between viscosity and shear rate. Figure 4. Viscosity under different temperature and time.

Figure 5. Viscosity of developed inks during simulation.
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with larger MW had longer molecular chains, and the relative

movement resistance between molecules was larger, so the vis-

cosity was relatively higher (ink C > ink B > ink A). At the

same time, high temperature accelerated the degradation of chi-

tosan,33–35 which resulted in the viscosity of developed inks to

decline.

Viscosity during the Simulation of Printing Process

Ink viscosity that is decreased obviously during printing will

allow the ink to pass quickly among the fountain roller, anilox

roller, plate cylinder, and impression cylinder. During the print-

ing simulation, the viscosity decreased when the shear rate rose

from 0.1 to 500 s21, increased when the shear rate went back to

0.1 s21 and then remained stable at the later process (Figure 5),

which was similar to the study of Faddoul et al.21 The viscosity

of the ink A recovered only 51% with 3 s (Table II). This time

was too short for ink to level and dry. The recovery rates of ink

B and ink C were 61% (5 s) and 69% (6 s), respectively, which

could give the ink on substrates enough time to level, permeate,

and dry with high recovery rate. It is likely due the reason that

higher molecular-weight chitosan contains long molecular

chains, which require more time to restore the original

structure.

Scratch Resistance and Contact Angle

The pencil hardness of the prints of ink A, ink B, and ink C

reached 2B, HB, and F, respectively. It may be due to that chito-

san with large MW intersperses and crosses with each other

closely, and the print coating is compact after drying. So the

pencil tip could not scratch the coating easily.

The smaller contact angle u shows that the print coating is

more hydrophilic with good wetting ability.36 Also, chitosan in

different states owns different hydrophilicity. The contact angles

of water on all print coatings were smaller than 908, so all prints

had certain hydrophilicity (Table III). Contact angle of water on

the ink A print coating was the minimum (618), so the print

coating was easy to wet with the strongest hydrophilicity, which

would result in poor water resistance.

Optical Density and Print Fastness

The optical density can be used to describe the print quality

and the thickness of the dried ink coating. The optical density

values of each formulation were relatively stable, which indi-

cated that the thickness of the ink coatings was uniform with

good color rendering (Table IV). According to China national

standard GB/T 17497.1-2012, the fastness should be greater

than 70.0%. So the developed inks satisfied the printing require-

ments on the coated paper. The fastness of the ink C print was

91%, and that of the ink A print was 80%. The reason may be

that the long molecular chains of the chitosan interspersed and

crossed with each other, forming into the compact coating after

drying. When rubbed, the loss of pigment was small under pro-

tection of the compact coating, so the fastness of the ink C

print was high.

Chromatic Aberration

During printing, the ink is the key to the print color, and the

slight change of ink composition can generate the variation of

absorption and reflection of light, thus causing the change of

the print color. CIE L�, a�, b� is a direct measurement of visual

effect for the human eye, reflecting the color vision and psycho-

logical effect of the people and influencing consumer preferen-

ces.22,26,37–40 L values on prints of developed inks were higher

than that of ordinary standard ink (Table V), so the print colors

of developed inks were relatively bright. Da values of developed

inks were all negative, which exhibited that red intensity was

weak. Da of the ink C print was the highest showed the red

Table II. The viscosity values during the printing simulation (Pa s)

0.1 s21

(before printing)
500 s21

(during printing)
0.1 s21

(after printing)
Recovery
time (s)

Recovery
rate (%)

Ink A 0.229 6 0.021 0.036 6 0.008 0.118 6 0.015 3 51

Ink B 0.511 6 0.033 0.078 6 0.011 0.312 6 0.027 5 61

Ink C 0.601 6 0.032 0.080 6 0.015 0.420 6 0.030 6 69

Table III. Contact angle

Contact angle

Contact angle u (8)
The relative standard
deviation (%)

Ink A 61o 2.7

Ink B 65 1.9

Ink C 69 3.3

Table IV. Optical density and fastness of prints

Optical density before rubs

1 2 3 4 5 Average
Optical density after
rubs (average) Fastness (%)

Ink A 0.95 0.94 0.95 0.95 0.95 0.95 0.76 80

Ink B 0.93 0.93 0.93 0.93 0.93 0.93 0.76 82

Ink C 0.96 0.96 0.97 0.96 0.96 0.96 0.87 91
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intensity was the strongest in all developed inks. DE values of

the ink A print and the ink B print were higher than 1, but

lower than 4, which demonstrated that color difference could be

observed by the naked eye.22 However, the color difference

between the ink C print and the standard ink print was small,

conforming with the China national standard GB/T 17497.1-

2012.

Dot Gain

During printing, the dot area may change and the dot edge

may expand around (Figure 6), forming into dot gain, darker

color, and chaos.41 The ink with greater liquidity is relatively

more easy to permeate the paper, causing the more serious dot

gain.42

The optical dot gain, related closely to the printing press, ink-

transfer, and ink-paper interaction, actually demonstrates the

fact that practical dot area is bigger than the dot area on the

original corresponding printing plate.43–45 The maximum dot

gain value of the ink A print was up to 29% (Figure 7), which

would influence the printing effect, generating the fuzzy color.

This is presumably due to that the ink with small-molecular-

weight chitosan has good liquidity and is easy to penetrate the

paper, causing the dot gain. The dot gain of prints of ink B and

ink C was 25 and 23%, respectively. The reason may be that

inks with large molecular weight chitosan are not easy to pene-

trate the paper when printing. Therefore, the relatively smaller

value of dot gain (23%) observed for the Ink C shows that it is

more satisfactory.

CONCLUSIONS

We prepared a new type of edible, renewable, chitosan-based

flexographic ink and evaluated its properties and application.

The performance of three inks containing three different MWs

of chitosan was analyzed by the different experimental techni-

ques. We found that viscosity and the printing quality were

closely connected with the relative molecular mass of chitosan,

thus causing the viscosity differences and the printing quality

differences between developed inks.
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