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Abstract: This paper considers the influence of multiple ink 
jet printed layers and woven fabric thread count on the colour 
fastness to washing of printed polyester textile products. The 
goal was to investigate the possibility for optimisation of the 
number of ink layers and thread count in order to increase print 
quality and colour fastness to washing. Materials with the same 
composition and different thread counts were printed ranging 
from one to five ink layers. The samples were subjected to 
washing process after which colour fastness was examined 
according to appropriate standards. The colour fastness 
was judged subjectively by trained professionals using the 
standard grey scale, and objectively using spectrophotometric 
measurements, with calculation of colour differences caused 
by the washing. Surface changes were observed using SEM 
analysis. Results indicate that multiple layer printing gives 
more saturated colour due to better ink coverage, but on the 
other hand it enhances the ink wash-out effect. The research 
suggests the possibility of optimising the number of ink layers 
in relation to thread count number when print quality and 
colour fastness to washing is the objective.

Keywords: Colour fastness, digital printing, ink layers, 
polyester, textiles, washing.

INTRODUCTION

Printing on textile substrates can be achieved using a 
variety of different techniques and machines (Stančić 
et al., 2014). Digital printing technologies for textiles 
have become ubiquitous on today’s market, where ink 
jet technology has become the most common one (Jurič 
et al., 2015). Although ink jet printing machines for 

textiles differ in construction and characteristics, printing 
principles are the same regardless of the machine type. 
The main advantages of digital textile printing compared 
to traditional methods are time reduction and repeatable 
results in high-quality reproductions (Chen et al., 2004). 
The advantage of digital ink jet textile printing is the 
possibility of printing onto a vast number of different 
materials (Kašiković et al., 2015b). The most commonly 
used artificial material is polyester, which became 
widespread due to its mechanical properties and resistance 
to environmental influences (Zhang & Fang, 2009). The 
other advantages of ink jet technologies are: inclusion 
of new production possibilities like diversification and 
personalisation of textile products (Fralix, 2001; Park 
et al., 2006), its environmentally friendlier process due 
to less ink consumption (Ujiie, 2006; Changa et al., 
2009) and the possibility of multicolour printing (various 
quantities of cyan, magenta, yellow and black ink) 
resulting in higher contrast and greater edge sharpness 
of the prints. The print quality manipulation can be 
performed directly by the software while printing (Kim, 
2009). 

	 One of the shortcomings of digital printing systems 
is their relatively low printing speed. The fastest digital 
machines can print 230 m2h-1 at 600 dpi resolution 
while the rotary screen printing machines can print 
over 3000 m2h-1 (Clark et al., 2009). The limiting factor 
concerning printing speed in the case of ink jet printing 
is construction and operation principle of the ink jet 
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printers. It can be assumed that significant advances in 
printing speed will not be possible unless changes are 
made in mechanical principles of ink distribution and 
transfer. The printing equipment and inks are more 
expensive in comparison to those used for screen printing 
for example, but innovations brought by this printing 
method have been well accepted by both manufacturers 
of textile products and consumers (Fang et al., 2011).

	 During exploitation, printed textile materials are 
exposed to various influences such as washing, heating, 
rubbing, sunlight, etc. (Stančić et al., 2016; Kašiković 
et al., 2017). The washing process in a laundry machine 
combines complex effects and involves many factors, such 
as mechanical action, chemical action, temperature and 
time, where the chemical action has the most significant 
effect on soil loosening besides fabric moving, water 
flow rate and washing time. The washing process can be 
divided into three consecutive steps, that are: induction 
period, a rapid soil removal period and a final period, 
while according to other authors it consists of only two 
steps: loosening of soil from the textile by the combined 
action of detergent solution and mechanical agitation, 
and rinsing of the loosened soil from the textile into the 
bath (Kissa, 1971; Ganguli & van Eendenburg, 1980; Lee 
et al., 2008). The mechanical action can be classified into 
four types: soaking, hydrodynamic flow action, flexing 
and abrasion action, which is the most effective for soil 
removal (Lee et al., 2008). Repeated laundry process 
leads to dimensional instability and textiles distortion, 
which results in changes in mechanical properties (e.g. 
an increase in surface roughness) and causes specific 
changes in fabric structure (Tomsic et al., 2008; Vilcnik 
et al., 2009; Agarwal et al., 2011; Lam et al., 2011). 
The period of life cycle of a garment during usage can 
be represented by the number of laundry cycles which a 
garment can withstand before showing the first signs of 
damage, because washing processes generally contribute 
more to fabric damage than use or wear (Agarwal et al., 
2011).

	 A considerable number of authors have investigated 
the influence of washing process on printed textile 
materials using the standard recommendation, 
ISO105–C01 (Xiang & Cai, 2008; Nakpathom et al., 
2009; Chairat et al., 2010; Kalantzi et al., 2010; Ferrero 
& Periolatto, 2011). Most of them have investigated the 
potential influence of prepress treatments of fabrics. 
Plasma treatment of polyester textile material before ink 
jet printing did not give any improvement to material 
washing fastness (Fang & Zhang, 2009); the same 
treatment of 100 % propylene material gave better 
results for washing fastness according to grey scale 

(Nasadil & Benešovsky, 2008). Cationic treatment of 
polyester material provided the improvement of washing 
fastness in the case of cyan ink prints, at the same time 
causing reduction of the lightness (Chen et al., 2004). 
Considerable improvement of black ink prints washing 
fastness was achieved by gamma radiation (Bhatti et al., 
2012). However, the majority of printing houses cannot 
afford the equipment for preprint treatments of textile 
substrates. 

	 Making prints with numerous ink layers can 
influence the print resistance. Several researches showed 
that applying more ink layers improve light fastness 
(Kašiković et al., 2012a; 2015a), but at the same time 
reduce the rubbing fastness (Kašiković et al., 2012b). 
Numerous formulas were developed for the purpose of 
colour differences estimation such as basic ΔE76, more 
advanced CMC (l: c) (Clarke et al., 1984), BFD (l: c) 
(Luo & Rigg, 1987), CIE 94 (CIE, 1995) and the most 
recent one CIE ΔE2000 (Kim & Nobbs, 1997). All colour 
difference formulas use the Euclidean distance in a 
device independent colour space (ΔL, Δa, Δb) (Luo et al., 
2001). Newer colour difference formulas are extended 
to address perceptual non-uniformities while retaining 
the Lab colour space. There is an ongoing debate on 
which of the formulas gives the best results, but majority 
of the researchers are claiming the CIE ΔE2000 to be the 
best one (Xu et al., 2001; Kočevar, 2006; Gabrijelčić & 
Dimitrovski, 2007; 2009).

	 Printed textile fabrics are usually exposed to the 
influence of various factors during exploitation. Besides 
ironing, one of the most influential factors is washing 
treatment since it influences both the printed inks and 
fibres of the printed substrate, which highlights the 
importance of this research regarding influence of 
washing treatment on colour fastness.

	 The aim of this research was to analyse the influences 
of the number of printed ink layers, different fabric 
weights and thread counts on ink washing resistance. For 
the purpose of this experiment, colour fastness in regard 
to the washing treatment was judged, both subjectively 
by trained professionals using the standard grey scale, 
and objectively, by calculating colour  differences 
between samples before and after washing treatment.

METHODOLOGY

In this research, three types of polyester fabrics were 
used; the composition of polyester (100 %) and yarn count 
of 75D were constant. The varying parameters, fabric 
weight and thread count were determined according to 
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the standards: ISO 3801 and ISO 7211–2, respectively. 
The characteristics of the samples are shown in Table 1.

Digital ink jet printing and after-treatment

A digital piezoelectric drop on demand ink jet printer, 
able to print up to five ink layers (Mimaki JV 22 - 160, 
Mimaki Engineering Co., Ltd.) was used for printing the 
samples. Four commercial process inks (CMYK), J-Eco 
Subly Nano, were used without further purification. A 
test target dimensioned 150 cm × 10 cm was prepared to 
assess the effects of washing treatment on the colour of 
the printed inks. The test target consisted of four colour  
patches with same size (35 cm × 10 cm) printed using 
different process inks: the first patch - 100 % cyan, the 
second patch - 100 % magenta, the third patch - 100 % 
yellow and the fourth patch - 100 % black. The test target 
was printed varying the number of ink layers from 
one to maximum possible, five ink layers. Alongside 
advantages of multi-layer printing, the economic aspects 
of increasing the number of ink layers must be taken 
into consideration. The ink consumption depends on the 
device profile used by Mimaki’s RasterLink series RIP 
software. According to Mimaki, rough consumption can 
be estimated to about 12 cm3 of ink used in total of four 
colours on 833 mm × 1041 mm print (Mimaki, n.d.). 
Operation of printing machines that supply ink from the 
cartrage can be significantly influenced by multi-layer 
printing, which demands cartrage replacement more 
often, considering the usual capacity of 220 cm3 per 
cartrage. Although affordable, the ink price of 50 to 70 $ 
per liter also must be taken into consideration. 

	 After ink jet printing process, printed samples were 
air-dried for 180 s and then passed through a drying 
chamber at 130 °C for ink fixating.

Spectrophotometric measurements

Spherical spectrophotometer Datacolour Spectraflash 
SF 600® PLUS-CT was used to measure colourimetric 

and reflective changes of printed textile samples. This 
instrument utilises the d/8 geometry, D65 illuminant and 
10° standard observer. CIE L, a and b colour  coordinates 
were determined for each sample. Colour difference 
values were calculated using CIE ΔE76 and CIE ΔE2000 
formula, between samples printed with 1 to 4 ink layers 
and samples printed with 5 ink layers (ΔEa,b). In order 
to estimate the influence of the number of ink layers 
printed on surface reflectivity, spectral curves were 
generated for each sample using Techkon SpectroDens 
measuring device, under the standard D50 illuminant and 
2° standard observer (0o/45o geometry).

Determination of colour fastness of printed fabric

After measurements of the printed samples, the samples 
were exposed to washing treatment according to standard 
ISO 105-C01 (40 °C, 30 min) using Launder-Ometer® 
device (SDLAtlas, Great Britain) after which they 
were compared with untreated samples visually using 
grey scale, according to SISTEN 20105-A02:1996 and 
SISTEN 20105-A03:1996 standards.

SEM analysis

SEM analysis was performed to determine the behaviour 
of every process ink (CMYK) and to analyse the influence 
of the number of ink layers on washing treatment effects. 
The SEM microscopic analysis was conducted using 
electronic microscope JEOL 646O LV. The samples 
were classified, labelled, and prepared according to the 
laboratory procedures. To achieve electric conductivity 
and avoid blurred and unacceptable images, the samples 
were exposed to gold steaming process (in device Baltec 
SCD 005).

RESULTS AND DISCUSSION

The changes of ink jet printed textile material 
characteristics caused by washing treatments were 
established and quantified via previously described 
experimental procedures, and it will be presented in this 
section of the paper.

Spectrophotometric measurements after printing

Table 2 presents colour coordinates for all the samples 
determined by spectrophotometer Datacolour Spectra 
flash SF 600® PLUS- CT (CIE L, a, b, C, H). Analysis 
of results shown in Table 2 leads to the conclusion that  
the number of ink layers affects colour coordinates in the 
following manner: 

Tests	 Material 	 Fabric weight	  Thread count 
	 composition (%)	 (g/m2)		  p/10 cm
			   Warp		 Weft

Material 1	 Polyester 100 %	 101,5	 160		  100
Material 2	 Polyester 100 %	 110,6	 170		  120
Material 3	 Polyester 100 %	 141,3	 260		  120
Methods	 ISO 1833	 ISO 3801		  ISO 7211-2

Table 1:	 Characteristics of materials used in testing
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Increase in the number of printed ink layers resulted 
in lower CIE L values for each group of samples. 
Furthermore, if every sample is compared to the 
corresponding sample printed with five ink layers, the 
largest colour difference is noticed between the one-
layer and five-layer samples, while the smallest colour  
difference is present between the four-layer and five-
layer samples.

	 After printing, spectral curves were generated for 
each sample using the spectrophotometer Techkon 
SpectroDens. The spectral curves of the samples printed 
on material 3 were selected as representative and will 
only be shown (due to the limited space) (Figure 1).

	 Although all spectral curves have a similar and 
consistent shape, it is evident from Figure 1 that the 
increased number of ink layers causes lower reflectivity 
of the printed fabric surface. This is characteristic to all 
the materials and therefore, can be concluded that further 
increase in the number of ink layers would cause decline 
of fabric surface reflectivity. Prints made with four and 
five layers show equalisation of the spectral curves, 
which can be expected to continue with futher increase 

of the number of ink layers. This experimental setup did 
not allow for further increase of the number of ink layers 
due to printing machine limitation.

Colour fastness to washing

Once the spectrophotometric measurements of the 
printed samples were completed, all the samples were 
exposed to washing treatment according to standard 
ISO 105 – C01 (40 °C, 30 min), followed by visual 
evaluation of the samples using grey scale. The results 
of the visual evaluation (GS) are listed in Table 3. Based 
on these findings it is noticeable that all three evaluated 
parameters (colour change, the staining of polyester 
and cotton adjacent fabric) are decreasing with the 
increase of the number of printed ink layers for all the 
materials. It suggests that thread count and fabric weight 
are not influencing the colour differences after washing 
treatment, as much as the ink volume is increased by the 
number of ink layers printed, possibly due to washing 
treatment breaking bounds between the ink layers rather 
than the links between inks and fabric surfaces. This 
explains the greater colour difference in case of samples 
with higher number of ink layers before and after washing 
treatment.

Sample		                     Material 1				                      Material 2				                    Material 3
	 L	 a	 b	 ΔEa,b	 L	 a	 b	 ΔEa,b	 L	 a	 b	 ΔEa,b

Cyan 1	 48.29	 - 7.29	 -31.13	 16.74	 44.21	 - 4.32	 -31.74	 18.99	 52.3	 -0.53	 - 32.08	 17.98
Cyan 2	 43.78	 - 6.09	 - 27.7	 11.1	 37.11	 - 2.44	 -27.27	 10.4	 42.67	 -0.31	 - 31.27	 8.67
Cyan 3	 39.94	 - 5.82	 -25.95	 6.9	 34.42	 - 0.02	 -24.02	 6.3	 38.89	 0.73	 - 30.16	 4.65
Cyan 4	 36.15	 - 5.29	 -24.75	 2.89	 30.73	 - 1.23	 -23.17	 2.74	 36.69	 2.45	 - 28.95	 2.14
Cyan 5	 33.5	 - 4.72	 -23.74	 /	 28.62	 - 0.46	 - 21.6	 /	 34.95	 1.75	 - 27.91	 /
Magenta 1	 46.74	 48.71	 0.88	 16.38	 43.07	 49.59	 1.55	 18.78	 51.34	 38.48	 - 8.58	 21.12
Magenta 2	 41.34	 44.94	 2.95	 9.56	 36.49	 42.8	 3.12	 9.29	 39.15	 41.25	 - 3.06	 11.65
Magenta 3	 39.24	 41.96	 2.59	 6.2	 32.81	 38.87	 5.51	 4.55	 36.62	 33.33	 - 4.57	 5.09
Magenta 4	 36.54	 40.27	 3.45	 2.91	 32.79	 38.66	 5.12	 4.21	 34.49	 31.06	 - 4.06	 2.91
Magenta 5	 34.37	 38.54	 4.33	 /	 29	 32.36	 5.28	 /	 32.28	 31.87	 - 2.35	 /
Yellow 1	 78.28	 - 2.73	 65.72	 16.57	 77.17	 4.82	 75.02	 20.86	 79.74	 -3.25	 68.35	 16.53
Yellow 2	 74.64	 1.78	 68.71	 10.12	 71.77	 4.82	 75.02	 15.02	 75.14	 2.06	 68.87	 10.02
Yellow 3	 72.02	 4.39	 70.92	 6.03	 67.91	 6.93	 72.02	 10.03	 72.56	 3.81	 68.68	 7.13
Yellow 4	 69.81	 6.78	 71.71	 2.73	 64.85	 8.49	 68.91	 5.77	 69.69	 6.53	 66.88	 2.88
Yellow 5	 68.03	 8.84	 71.67	 /	 62.31	 8.95	 65.05	 /	 67.68	 7.59	 65.12	 /
Black 1	 36.04	 - 0.33	 - 1.18	 13.89	 27.28	 - 0.3	 - 0.14	 6.4	 35.17	 3.42	 0.85	 12.86
Black 2	 30.01	 - 0.65	 - 0.91	 7.85	 23.81	 - 0.43	 - 0.14	 2.96	 26.84	 1.64	 - 0.3	 4.33
Black 3	 25.68	 - 0.4	 - 1.02	 3.52	 22.23	 - 0.18	 - 0.19	 1.36	 26.03	 1.58	 - 0.27	 3.53
Black 4	 23.35	 - 0.58	 - 0.95	 1.19	 21.52	 - 0.1	 - 0.09	 0.66	 24.15	 1.53	 - 0.17	 1.67
Black 5	 22.16	 - 0.51	 - 0.88	 /	 20.97	 0.07	 - 0.18	 /	 22.52	 1.55	 - 0.51	 /

Table 2:	 Characteristics of samples made by spectrophotometric surveying 
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Visual evaluation and spectrophotometric 
measurements after washing treatment

Visual evaluation showed insignificant differences 
between samples through all the materials and number 
of ink layer variations, although differences between 
colours are observed even with the grey scale visual 
evaluation method. 

	 Spectrophotometric measurements are far superior 
to visual evaluation. The samples were analysed 
using Datacolour Spectraflash SF 600® PLUS-
CT spectrophotometar. The spectrophotometric 
measurements yielded clear indication of colour 
differences between samples prior to and after washing 
(ΔE76 and ΔE2000) as shown in Table 3.

	 These measurements confirmed that the increase in 
the number of printed ink layers causes larger colour 
differences before and after washing treatment, as it was 
assumed after visual evaluation. The values of colour 
difference after washing treatments between samples 

printed with five layers and all the other samples did not 
significantly change. Visual evaluation was the method 
used for the assessment of staining of the polyester and 
cotton adjacent fabric as it was not possible to conduct 
measurements by the spectrophotometric device due to 
large aperture of 8 mm, which would measure the colour 
of the cotton adjacent fabric and would not detect small 
specks of transferred ink.

Statistical analysis

In order to determine how the ink layers and material 
characteristics (thread count and surface weight) 
influence both objectively measured colour differences 
(ΔE) and subjectively judged colour fastness, two-way 
ANOVA was conducted with material characteristics 
and number of ink layers as independent factors. In 
the case of statistically significant ANOVA results, the 
posthoc Tukey test was used for comparing each pair 
of sample groups. All statistical tests were conducted 
using the software IBM SPSS with a 0.01 significance 
level. Besides statistical significance, the effect size 

Figure 1:	 Spectral curves of samples after printing (material 3): cyan (a); magenta (b); yellow (c); black (d)
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(the practical significance) is also calculated for each 
test using partial eta squared. Table 4 summarises the 

analysis results while mean values of sample groups are 
graphically presented in Figure 2.

Samples		  Material 1			   Material 2			   Material 3
	 ΔE76	 ΔE2000	 GS*	 ΔE76	 ΔE2000	 GS*	 ΔE76	 ΔE2000	 GS*

C1	 5.24	 4.61	 3 ‒ 4	 9.72	 6.01	 3	 14.07	 11.78	 1
C2	 5.56	 3.78	 3 ‒ 4	 10.72	 8.45	 3	 16.20	 16.06	 1
C3	 6.55	 4.71	 3 ‒ 4	 11.10	 7.55	 2 ‒ 3	 17.94	 17.14	 1
C4	 8.27	 6.03	 3 ‒ 4	 13.56	 9.26	 2 ‒ 3	 18.56	 17.76	 1
C5	 10.72	 7.65	 3 ‒ 4	 14.10	 9.07	 2	 20.12	 18.84	 1
M1	 3.22	 1.76	 4 ‒ 5	 7.45	 4.19	 4	 10.45	 7.08	 4
M2	 4.02	 2.98	 4 ‒ 5	 11.54	 6.36	 4	 15.07	 13.29	 4
M3	 4.79	 2.01	 4 ‒ 5	 11.78	 5.77	 4	 17.45	 8.31	 3 ‒ 4
M4	 6.95	 3.93	 4	 13.37	 6.23	 4	 18.40	 8.33	 3 ‒ 4
M5	 8.38	 4.09	 4	 13.61	 6.57	 4	 20.75	 10.07	 3 ‒ 4
Y1	 4.87	 2.80	 4 ‒ 5	 7.23	 3.45	 3 ‒ 4	 9.02	 5.65	 4
Y2	 7.61	 3.86	 4	 11.00	 6.23	 3 ‒ 4	 12.45	 7.87	 4
Y3	 8.78	 5.04	 4	 12.75	 8.98	 3	 15.03	 10.03	 3
Y4	 12.88	 6.56	 3 ‒ 4	 15.91	 9.11	 3	 16.02	 10.35	 3
Y5	 16.38	 8.98	 3	 16.50	 11.42	 3	 18.73	 5.32	 3
B1	 1.36	 1.16	 5	 2.02	 1.69	 4 ‒ 5	 7.10	 6.56	 2
B2	 1.39	 1.37	 4 ‒ 5	 2.09	 1.72	 4 ‒ 5	 12.46	 10.52	 2
B3	 1.78	 1.59	 4 ‒ 5	 3.03	 2.34	 4 ‒ 5	 12.85	 10.66	 2
B4	 2.26	 2.00	 4 ‒ 5	 3.31	 2.39	 4 ‒ 5	 12.93	 10.15	 1 ‒ 2
B5	 3.16	 2.82	 4 ‒ 5	 4.95	 3.60	 4 ‒ 5	 13.02	 10.63	 1 ‒ 2

Table 3:	 Colour difference values between untreated samples and samples subjected to washing process printed using 
the same number of ink layers (colour fastness to washing according to ISO 105-C01; 40 °C, 30 min)

Dependent value	 Effect	 F	 p	 Partial eta 
				    squared**

ΔE2000	 Material	 26.158	 < 0.01*	 0.538
	 Ink layers	 2.231	 0.081	 0.166
	 Material*ink layers	 0.305	 0.960	 0.051
ΔE76	 Material	 27.072	 < 0.01*	 0.546
	 Ink layers	 5.345	 < 0.01*	 0.322
	 Material*ink layers	 0.170	 0.994	 0.029
Assessment of colour	 Material	 14.198	 < 0.01*	 0.387
change-grey scale	 Ink layers	 0.594	 0.669	 0.050
	 Material*ink layers	 0.036	 0.990	 0.006

* significant at a 0.01 significance level
** less than 0.01 is a small effect; between 0.01 and 0.06 is a medium effect; greater than 0.14 
is a large effect 

Table 4:	 Results of two-way ANOVA with material characteristics and number of ink layers as 
independent factors 
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The two-way ANOVA with material characteristics 
and number of ink layers between subject factors 
showed the main effect of only material characteristics, 
and no main effect of number of ink layers or interactive 
effect in the case of ΔE2000 and the subjective assessment 
of specimen colour  change according to grey scale.

	 The posthoc tests also showed the same results in 
both cases, that a statistically significant difference 
existed between material 3 and the other two: material 
1 and material 2, while material 1 and 2 did not differ 
significantly from each other.

The ANOVA analysis of ΔE76 values showed the main 
effect of both factors, where posthoc tests showed that 
statistically significant difference existed between each 
of the materials and significant difference between 
samples with one ink layer and samples with four and 
five ink layers, while the group of samples with two and 
three ink layers did not differ significantly from each 
other and did not differ from other specimens.

	 Spectral curves were also generated using the 
spectrophotometer SpectroDens after the washing 
treatment. Samples printed with five ink layers on 

Figure 2:	 The mean values of sample groups for the subjective assessment of specimen colour change according to grey 
scale (a); ΔE76  (b) and ΔE2000 (c)
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material 3 were selected as representative samples, and 
they show a typical influence of washing treatment on 
the reflectance of printed material surface, which can be 
seen in Figure 3. In case of all four process inks it is 

noticeable that the washing treatment caused an increase 
in relative spectral reflectance. This could be explained 
by the ink washing off from the material surface, that 
resulted in increasing surface reflectance.

SEM analysis

Using the SEM, all the samples were analysed before and 
after the printing process, as well as after the washing 
treatment. Samples printed with five cyan ink layers 
on fabric 3 were selected as representative samples 
(due to limited space). Figure 4 shows clean textile 
material fabrics before printing, fibres printed with five 
ink layers and fibres after washing treatment magnified 
5,000 times.

	 It can be noticed that the morphology of the surface 
exhibits changes after printing. Figure 4a shows the 

smooth fabric surface before printing, while Figure 4b 
shows some ink particles (pigment) on the fibre surface. 
The amount of these particles increases with the rise of 
printed ink layers as confirmed by spectrophotometric 
measurements, which was also noticed in 
previous researches (Kasikovic et al., 2012a; 2015b).

	 Fabric surface observations after washing treatment, 
using SEM analysis show that particles were partially 
removed as shown in Figure 4c. This removal of ink 
particles resulted in the smoother and more reflective 
surface, which was also confirmed by spectrophotometric 
measurements using SpectroDens device.

Figure 3:	 Spectral curves of the samples printed with five ink layers, before and after washing treatment (material 3): cyan (a); magenta (b); 
yellow (c); black (d)

a) b)

c) d)
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Figure 4:	 SEM images of material 3 C5 samples, before printing (a); after printing (b); after washing (c)

4 
 

Figure 4: SEM images of material 3-5 C samples, before printing (left), after printing 

(middle), after washing (right)

CONCLUSION

The aim of this research was to determine the behaviour 
of textile materials printed using different number of ink 
layers exposed to a washing treatment. The analysed 
samples differed in their material properties, colours of 
printed ink and number of printed ink layers.

	 The results of the research show that increased 
number of printed ink layers always results in lower 
luminance coordinates of Lab colour space, while the 
trend continues with each new printed ink layer. On the 
other hand, increasing the number of printed ink layers 
reduces surface reflectivity, which is caused by the larger 
amount of ink (thicker ink deposit) on the material surface 
that absorbs light and also by the fibres merging together 
by ink. However, increased number of printed layers 
reduces resistance to washing, diminishing the fastness 
of colour and increasing the staining of adjacent fabric, 
as it was confirmed by spectrophotometric measurement 
and visual evaluation. Samples exposed to washing 
treatment had higher surface reflectance due to partial 
removal of ink particles from the surface as shown by 
SEM analysis. 

	 This experiment showed that higher number of 
printed ink layers does not improve resistance to washing 
treatments. It is necessary to take into consideration the 
influencing factors examined in this research in order 
to correctly predict the behaviour of the product during 
exploitation. There are numerous other influencing 
factors whose impact should be examined in relation 
to increased number of layers in order to obtain 
complete insight into printed material behaviour during 
exploitation period. 
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