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1. INTRODUCTION

Textile printing is the technique of applying color to fabrics with a high degree of color adhesion (color

fastness). The standard methods for wet printing are flat-bed screen printing, rotary screen printing, and

using an engraved copper roller. At present, the two most important methods for printing high volumes

of fabric for today's markets are flat-bed and rotary screen printing. Combined, these two techniques

make up nearly 80% of the total textile printing output.

Textile print pastes consist of highly concentrated solutions of textile dyes with sodium alginate or

carboxymethylcellulose. The many chemicals in the printing paste that don't contribute to dyeing

fabrics are lost by soaping and washing in the finishing process. This method has a negative impact on

the environment.

Pigment printing is also popular for textile printing. Ease of application on a variety of fabrics, simple

recipes, and the absence of a special fixation step are the primary factors contributing to the popularity

of the method. However, the Japanese market prefers dyed printing more than pigment printing for the

soft textures it processes. Pigment pastes mainly consist of an acrylic ester co-polymer resin emulsion.

About half of the paste is made up of volatile matter such as mineral spirit and should be used only in a

well ventilated area. This method also has a negative impact on the environment.

Friction to resistance, color adhesion (color fastness) after washing, exposure to light and flexibility

were evaluated in this study for EB curable printing on fabrics.

2. EXPERIMENTAL

The fabrics used were standard test fabrics, plain weaves of polyester, nylon and cotton.

The chemicals used for EB printing inks were urethane acrylate oligomer (ARAKAWA

CHEMICAL) and polyethylene glycol diacrylate monomer (KYOEISHA). The viscosity of the

pigmented ink was intentionally formulated to be about 13Pa*s. The ink was applied on the test fabric
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using a 100-mesh and a 350-mesh flat-bed screen respectively. These screens gave approximately 60

cm /m and 16 cm7m wet ink each. The 100-mesh flat-bed screen was used to compare with the

conventional screen printing.

Friction to resistance was tested through rubbing according to Japanese Industrial Standards (J1S). The

rubbing tester had six weights of 500g each and the weights rubbed 10cm of the sample for 100 cycles,

30 cycles per minute. White cotton fabric was attached to the weights to test for staining.

The textile bending resistance tester was used to measure the flexibility of the print fabrics. The top of

the tester is flat and it has a scale. The slope is 45 degrees. The sample size was 2.5cm in width and

20cm in length. Testing direction is lengthwise. Moving a sample carefully and slowly onto the tester's

smooth surface, the distance moved was measured when the top of the sample touched the slope of the

tester. The sample was measured twice, both the printed side and its underside.

Irradiation was carried out in a nitrogen atmosphere using a Nisshin Highvoltage Curetron System.

The accelerated voltage was held at 200keV and the dosage was at 20/30/50kGy for each sample.

3. RESULTS AND DISCUSSION

Rubbing Resistance

The formula of EB curable printing ink and conventional screen ink are shown in Table I . The both

formula were formulated to be suitable for polyester fabric.

Table I Formulas of screen print ink

Conventional EB curable

Binder 15 Urethane Acrylate 67
Pigment 3 Polyethylene glycol diacrylate 13
Reducer 82 Pigment 20
Crosslinker 3 Antifoam if necessary
conventional print was cured for five minutes at 130°C

After rubbing, color fastness was evaluated by checking the contamination of the white cotton both

with our eyes and with a spectrophotometer. However, because spectrophotometer values are not

always accurate when measuring samples of varying consistency, the eye result is shown in Table II

and HI. Five was the best value, meaning that the cotton was not contaminated by the sample. Actually,

the numerical value of 4-5 indicates uncontaminated samples too. The numerical values of 1 or 2

indicate contaminated samples. Therefore, if the numerical value is less or equal to 2, the print fabric
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Table II Effect on the ink volume to rubbing resistance on polyester fabrics

Screen
Dose

Ink volume (g/m2)
Rubbing resistance

dry
wet

(C)
8.8

3
1-2

100-mcsh
20kGv

41.1

2-3
3

30kGv

41.1

4-5
4-5

50kGy

44.6

4-5
4-5

20kGv

23.4

4
4-5

350-mcsh
3()kGv

22.2

4
4-5

50kGy

17.8

3-4
4-5

(C):convcntional screen print

Table III Rubbing resistance of nylon and cotton fabrics

Fabrics
Dose

Ink volum (g/m2)
Rubbing resistance

drv
wet

( Q

4.1

2-3
2-3

nylon
20kGv 30kGv

39.3 41.7

4-5 4-5
4-5 4-5

50kGv

41.8

4-5
4-5

(C)

9.4

3-4
2

cotton
20kGy

60.8

2
2

30kGy

58.9

2
2

50kGv

58.2

2
2

(C):conventional screen print

does not suit the fabric.

This test is usually carried out in both dry and wet conditions. The wet condition uses cotton that has

absorbed water equal to the weight of the cotton. In general, the result with wet conditions is worse than

the result of dry. In EB screen print using 100-mesh and 350-mesh screens, the numerical results were

opposite those of the conventional screen print. One of the reasons is the difference of surface tension, of

EB curable ink and conventional screen ink against water. Color adhesion improved with the decrease

in frictional resistance. Also the volume of ink on the fabric affected the resistance. The lower the ink

volume the more the load per area increased. Therefore, the resistance becomes worse with the decrease

in ink.

The rubbing resistance for cotton fabric was lower than the other fabrics and the conventional print

fabric. The EB ink was not suitable for printing on cotton fabric, and the ink would not penetrate

enough into cotton yarn. In addition, the EB ink on spun cotton yarn resulted with a loss of adhesiveness.

Light fastness and washing fastness resulted very well the same as conventional print. Solvent

resistance was excellent.

Testing Flexibility of Printed Fabrics

The degree of flexibility of the printed surface and its underside is usually different. Therefore, it is

necessary to average the results of the printed side and the underside.

The bending resistance of the printed fabrics using the 100-mesh screen was about 2cm greater than
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the bending resistance of the unprinted polyester fabric. In short, the printed fabrics were a little stiffer.

We found, after measuring with a thickness gauge, that the thickness of the printed fabric was 0.01 mm

thicker than the unprinted fabric. It seems the difference in thickness of printed and unprinted fabrics

influenced the resistance to bending. The resistance of polyester fabrics was not influenced with each

dosage of the electron beam.

In addition, the amount of ink on the fabrics affected the resistance. When the amount of EB ink

decreased, the difference in flexibility between EB print and conventional print decreased.

When the softness of the fabrics was checked by hand, we found that cotton fabrics were harder

because of the different amount of ink. However, the resistance was closer. One of the reasons is the

difference between filament polyester yam and spun cotton yam. The fabrics that are made with spun

yam tend to bend under the weight of ink (self-weight).

Therefore, the hardness of printed fabrics can not be determined only by this test. Nevertheless, it's

important that EB screen ink did not become harder with increased doses.

POLYESTER FABRICS (100-mesh screen)

unprinted conventional 20kGy 30kGy SOkGy

100

POLYESTER FABRICS (350-mesh screen)

unprinted conventional 20kGy 30kGy 50kGy

Fig. 1 and 2 Flexibility of Printed Polyester Fabrics
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NYLON FABRICS

100

imprinted conventional 20kGy 30kGy SOkGy

COTTON FABRICS

100

80

J, 60

H 40

20 • • I I I
imprinted conventional 20kGy 30kGy SOkGy

Fig.3 and 4 Flexibility of Printed Nylon and Cotton Fabrics

4. CONCLUSION

The results of the colorfastness or adhesiveness of textiles were satisfactorily with this EB ink formula.

Adjustment of the formula and screen mesh will be necessary because EB print on textiles becomes

thicker than on paper or film.

The flexibility and softness of the fabric with EB print still needs to be improved a little soft for cloths.
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