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Abstract
The application of plant transfer printing on cotton and silk was investigated. The influence of pH and
choice and concentration of mordants on the visual effect and on the colourfastness to washing and
light was examined. The obtained colorations were evaluated spectrophotometrically (dE76) obtained
by comparing the samples before and after washing and illumination. Plant transfer was carried out
with the leaves of the Rosa Canina. Sodium carbonate, acetic acid and oxalic acid were chosen as pH
regulators, and potassium aluminium sulphate dodecahydrate, copper(II) sulphate pentahydrate and
iron(II) sulphate heptahydrate was used as mordants (metal salts). From the aspect of aesthetics and
design, it is necessary to optimize the process parameters in order to achieve optimal fastness of
colouration, in that way the usable properties are also ensured. The paper also presents the creative
aspect of the research and shows the process of creating an interior object of original aesthetics.
Keywords: plant transfer printing, eco printing, natural dyes, chlorophyll, pH influence, fastness
properties

INTRODUCTION
Despite the overwhelming dominance of synthetic dyes in the production of dyed and patterned
textiles, in the last few decades, there has been an increase in interest in rehabilitation of natural dyes
usage. Considerable research is being done to analyse the chemistry of natural dyes, their binding
mechanisms to textile material and colour fastness (Rungruangkitkrai and Mongkholrattanasit 2012).
In addition to their ecological acceptability, non-allergic, non toxic and non carcinogenic characterstics
as well as UV protection, antibacterial and deodorizing properties, the interest in natural dyes
application lays also in their well-known characteristic of producing harmonious, well-balanced,
soothing and soft colour palette (Glogar et al. 2020; Arora et al. (2017). Sustainability and
environmental friendliness are the challenges of today in textile production as well as in the creative
industries in general. Therefore, the application of natural dyes in the processes of dyeing and printing
should be observed in the context of the utilization of bio-waste as well (Ismal 2016). Although there
are the significant number of scientific research and artistic works dealing with the application of
natural dyes in textile dyeing processes; (Samanta et al. 2009; Shahid et al. 2013), there is still a certain
gap in the field of natural dye printing. Also when it comes to dyeing or printing textiles with natural
dyes, since most natural dyes belong to the group of acid-mordant dyes, their suitability is mainly for
protein fibres, while cellulose fibres have the problem of insufficient dyes exhaustion and later color
fastness. Therefore, it is a special challenge to examine the possibilities of applying natural dyes in
printing on cotton with the necessity of researching optimal conditions and optimizing process
parameters. Plant transfer printing belongs to a particularly specific category that has been very little
researched, not only in the context of scientific research work but also in the context of creative
application. In plant transfer printing the plant releases the pigment in its own contour. The results are
not uniform colours nor uniform patterns, but unpredictable and unrepeatable patterns dictated by
the plant (Ismal 2016).
Although the plant transfer printing is considered an art form, knowledge of technology as well as
scientific research approach are essential given the large number of parameters that affect the end
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result and knowledge of their complex interaction is crucial. Colour coordinates and fastness
properties are highly affected by process parameters interaction. Optimisation of printing conditions
is essential in terms of obtaining optimal colour yield on textile material.
In this paper, the influence of pH and choice and concentration of mordants on the visual effect
of plant transfer prints and on the colourfastness to washing and light was examined. In the creative
part of the work, a unique object of a standing lamp was made, consisting of a metal construction and
a shade patterned by a plant transfer print.

EXPERIMENTAL SETUP
Materials and methods
Plant transfer was carried out with the leaves of the plant Rosa Canina. Sodium carbonate (Na2CO3),
acetic acid (CH3COOH) and oxalic acid (C2H2O4) were chosen as pH regulators, and potassium
aluminium sulphate dodecahydrate KAl(SO4)2·12H2O, copper(II) sulphate pentahydrate and
CuSO4·5H2O and iron(II) sulphate heptahydrate FeSO4·7H2O was used as mordants (metal salts). Two
types of textile substrate made of natural fibres were used: cotton and silk. In the first phase, the
textile material was pre-treated with pH regulators, followed by the laying of plants on the materials,
with the plants pre-soaked in solutions of metal salts. Furtherly, the fixing process was performed by
wrapping the material tightly and exposing it to water vapour for 120 minutes. After the fixing, the
textile material was left to cool, unwrapped, the plants were removed and the material was washed
and allowed to dry in the shade without direct exposure to sunlight.
The wash fastness properties was examined according to the norm EN ISO 105 - C06: 2010: Textile
- Colourfastness test - Part C06: Stability of dyeing in household and commercial washing, while the
light fastness test was performed by exposing the samples to sunlight in real conditions, for a period
of 60 days. The location of exposure was Zagreb, Croatia (lat.: 45° N, long.: 16° E), with humid
continental climate.
The obtained colorations were evaluated objectively using a remission spectrophotometer
DataColor Spectra Flash 600 PLUS – CT. The results are presented as total colour difference values
(dECIE76) obtained by comparing the samples before and after washing and illumination. Colour
difference values were calculated using formula (1), defining the samples before washing and
illumination as reference samples.
dECIE76 = ((dL*)2+(da*)2+(db)2)1/2

(1)

where dL* is difference in lightness value, da* and db* are differences in a* and b* colour
coordinates indicating the change in L* a* b* colour space position and also indicating the change in
chroma (C*) and hue (h).

RESULTS AND DISCUSSION
Tables 1 and 2 show samples of silk and cotton fabrics obtained by plant transfer printing with
appropriate process parameters. Due to the specific uneven colour, for colour measurement, the
measurement sites are carefully selected and marked with a red circle in the images.
pH=4 (C2H2O4)

pH=5 (CH3COOH)

pH=8 (Na2CO3)

Without mordant

pH=4 (C2H2O4)
FeSO4·7H2O
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Sample 1

Sample 2

Sample 3

Sample 4

Table 1: Samples of transfer plant printed silk in different conditions of pH and mordanting with the marked
colour measuring point (red circle)

pH=4 (C2H2O4)

pH=5 (CH3COOH)

pH=8 (Na2CO3)

Sample 5

Sample 6

Sample 7

Sample 8

Sample 9

Sample 10

Sample 11

Sample 12

Sample 13

FeSO4·7H2O

CuSO4·5H2O

KAl(SO4)2·12H2O

Mordants

Table 2: Samples of transfer plant printed cotton in different conditions of pH and mordanting with the marked
colour measuring point (red circle)

Samples show a significant influence of the pH and mordants. For silk samples (Table 1), in the acid
medium (samples 1 and 2) light yellow-green shades were obtained. In alkaline medium (sample 3)
darker patterns of sharper contours were obtained, which is more emphasised for patterns obtained
with leaves pre-treated in iron salt solution (sample 4). For cotton samples (Table 2), the influence of
metal salts of aluminum, copper and iron on the obtained coloration is visible. Aluminum salts give
lighter shades on cotton (samples 5-7). With copper salts, the orange shades of medium lightness are
obtained, with lower to medium chroma. This resulted in visual appearance of brown shades (samples
8-10). With iron salts, darker shades of blue, purple and grey are achieved (samples 11- 13).
In Table 3 the objective colouristic values, obtained by spectrophotometric measurement, are
shown for silk and cotton samples (Table 1 and 2).
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Samples

1

2

3

4

5

6

7

8

9

10

11

12

13

L*

72,83 74,32 69,19 50,29 73,38 72,26 60,08 30,69 25,15 39,84 14,05 18,28 29,38

a*

-8,07 -4,42 -2,22 6,07

6,41 20,38 19,43 17,24 2,02

2,04

2,50

b*

31,39 25,39 27,91 10,49 23,04 16,55 18,89 11,16 7,96 10,80 0,31

0,22

0,10

C*

32,41 25,77 28,00 12,12 23,39 16,88 19,95 23,24 21,00 20,34 2,05

1,69

2,50

h°

104,42 99,88 94,55 59,94 80,10 78,59 71,26 28,69 22,27 32,06 8,96

6,28

2,29

4,02

3,34

Table 3: Objective colour parameters obtained spectrophotometrically for samples showed in Table 1 and 2

The highest chromaticity (C*) and lightness (L*) were obtained for silk samples in acidic medium
without mordants, having hues in yellow-green spectrum (h=104.42° and 99.88°). Chromophores of
chlorophyll a and chlorophyll b are responsible for this effect. In alkaline medium, the hue shifts
towards yellow spectrum (sample 3 h=94.55°). By mordanting with iron salts, the hues are changed
from green to yellow-orange spectrum, ie h = 59.94° (sample 4). Also the values of lightness and
chromaticity decrease, which results in darker shades. The results on cotton fabrics (samples 5-13)
shows a significant influence of mordanting on the obtained hues. Using aluminum, yellow shades
were obtained (h=71.26° - 80.10°), orange samples with copper (h=22.27° - 28.69°) and red samples
with iron (h=2.29° - 8.69°). Table 3 shows that the highest lightness (L*) is achieved with aluminum,
decreases with copper, and the lowest L* are for samples complexed with iron ions. Also, the
chromaticity (C*) values for samples mordanted with aluminum and copper are around C*=20, while
for samples mordanted with iron salts the chroma decrease obtaining values less than 2.5 which results
in dark, black-gray shades. The obtained colourations are the result of the reactivity of chlorophylls pigments responsible for green coloration in plants. Due to the chemical structure, chlorophylls are
esters of dicarboxylic acid, chlorophyllin and phytol alcohol. The basic building block is a chlorine, ie a
porphyrin ring with magnesium in the centre to which four pyrrole rings are attached (Figure 1).

Figure 1: Chemical structure of chlorophyll

A phytol tail, which is hydrophobic and lipophilic, is attached to the porphyrin nucleus, which is
hydrophilic. Chlorophylls a and b, the most important groups of chlorophylls in plants, are chemically
related forms and have a characteristic green colour due to absorption in the red and blue part of the
spectrum, with chlorophyll a being blue-green and chlorophyll b yellow-green. Their quantitative ratio
in plants is approximately 3:1. The difference in the structure of chlorophyll a and b is on the third (III)
pyrrole ring. Chlorophyll a at this position has a methyl group (-CH3), while in chlorophyll b it is an
aldehyde group. Chlorophylls are extremely reactive in acidic media and magnesium is easily released
and replaced with ions of other metals (eg mordants in textile dyeing), when complexes of other
colours and greater resistance to textile material can occur. The reactions of chlorophyll in the alkaline
medium occur outside the chlorine and the complexation of the new metal can act synergistically with
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the magnesium ion. In such situations, chlorophyll can be defined as a bio-wetting agent when
processing textiles with natural plant pigments Darmokoesoemo, H., et al. (2017); Ahlem G. et al.
(2013).
Figure 2 shows the value of the total colour difference dE76, obtained by comparing the colour
parameters of the samples before and after washing in a mild, neutral detergent, as well as before and
after exposure to light for a period of 60 days. The colour fastness to washing and light is the result of
the influence of process parameters on the reactivity of dyes, ie chlorophyll molecules, depending on
the pH, mordants and textile materials. pH as a process parameter has a more significant influence on
the acid-mordant dye molecule and the formation of the dye-metal ligand than on the textile materialdye system. For silk samples (1-4) and cotton samples (5-13), better stability was obtained in an
alkaline medium and additionally with the use of iron as a wetting agent, while in strongly acidic
medium (pH 4) a lower colour fastness is observed. The results of the colour fastness test give
preference to the application of plant transfer print in an alkaline medium, ie the synergistic action of
magnesium in the chlorophyll molecule (Figure 1) and the formation of ligands with iron on the
aldehyde groups of the fifth (V) pyrrole ring and phytol tail.

Figure 2: Values of total colour differences (dE) regarding washing and light fastness properties

In this research, in addition to the scientific-research approach, the creative concept of application
of the obtained samples was considered and a unique functional object was designed, a standing lamp,
shown in Figure 3. The construction of the lamp is made of solid wire according to the project designed
in the AutoCad program. For the production of lamp shadow, the textile material was patterned and
processed under conditions optimized for sample 13 from the research part. In addition to wild rose
leaves, a maple leaf was also used.
The shade palette was obtained with range of
pH adjusted with acetic acid. Also, changes in
FeSO4·7H2O concentrations and changes in the
time of steam fixation were performed to
achieve various shades. The whole
composition is complemented by an additional
aesthetic element - air lace.

Figure 3: Realized standing lamp
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CONCLUSIONS
By applying plant transfer printing, a unique pattern is always obtained from the aspect of aesthetics
and design, there is no possibility of obtaining identical colourations. With very small changes in
process and procedure parameters, different colours are obtained. Therefore, it is necessary to
optimize the process parameters according used textile material, plants, and mordants, in order to
achieve optimal fastness of colouration, and in addition to aesthetic, the functional usable properties
of the textile material are also ensured.
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