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This study examined the surface adhesion of ink on bio-composite 
materials that were produced using Luffa cylindrica fiber and epoxy. To 
increase the ink adhesion on the surface, two different production methods 
were developed. The surface roughness and the surface contact angle of 
the bio-composite surfaces manufactured by each method were 
determined. The printing was applied on the surface of the bio-composite 
materials using a screen-printing procedure. While keeping the printing 
conditions constant, two different ink types, environmentally friendly water-
based ink and solvent-based ink, were utilized. As a result of this study, 
the two types of ink were adhered on the polymer-coated surface, and 
there was no adhesion on the uncoated surfaces. In addition, the 
printability of the solvent-based ink was better than the water-based one, 
and the image of the transfer had higher quality. When the water or 
solvent-based inks were applied on the surface, the groups capable of 
forming hydrogen bonds, which were present in both kinds of ink, 
constituted hydrogen bonds with the C=O and N-H groups. This resulted 
in better adhesion on the surface, which was due to the presence of the 
separator. 
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INTRODUCTION 
 

Increasing environmental awareness has motivated researchers to design 

environmentally friendly materials (Mohanta and Acharya 2013). Plant fibers have 

received greater attention due to their abundance, suitability as a renewable resource, 

biodegradability, and cost effectiveness (Tanobe et al. 2014; Koruk and Genc 2015). The 

popularity of natural fiber reinforced composites has increased in the 21st century. The use 

of natural fiber reinforced polymeric composites is popular in many applications due to 

their ready availability, low cost, low weight, high specific modulus, non-toxicity, and 

cleanliness (Mohanta and Acharya 2015). As cellulosic fiber is natural and biodegradable, 

the degradation products are not harmful to the environment. Additionally, during 

production, there is less carbon dioxide released into the atmosphere. The lightness of the 

material is beneficial also, allowing a wide range of potential uses for natural fiber 

reinforced composites (Bismarck et al. 2006). 

The performance of the fiber reinforced composite materials under prolonged 

immersion in water and exposure to wind, rain, or sun is better than for other conventional 

construction materials (Scudamore and Cantwell 2002). Thus, numerous environmental 

organizations declared that the majority of products used in automotive and paper 

industries, as well as railways and roads, need to use recyclable material. As a result, the 
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amount of fiber used in the production of composites has increased to about 45% in Europe 

and the USA (Mohanty et al. 2000). 

All of the required information related to the product inside the package needs to 

be present on the composite surface of the package. Screen printing, a simple and efficient 

method, is a printing technique mainly suited for flat or moderately flat surfaces, and has 

the advantages of simplicity, low cost, controllable thickness, and uniformity of film. There 

are the advantages of possible recycling and cleaning for inks used in this printing system 

(Wang et al. 2009). 

This study concentrated on Luffa cylindrica fiber, which is a tropical plant widely 

available in the wet and warm climates of the world, and it is especially abundant along 

the Mediterranean coast of Turkey (Koçak 2008; Genc and Koruk 2016a). In this study, 

Luffa cylindrica fiber harvested from the Mediterranean coast of Turkey was molded using 

an epoxy resin, and a bio-composite structure was obtained. Environmentally friendly 

water-based ink and solvent-based ink, which are used widely in the industry, were each 

printed on the bio-composite material surface using the screen-printing technique. After 

the printing, the ink adhesion on the surface of the bio-composite materials, their 

roughness, and light-fastness were investigated. The morphological properties of the bio-

composite were determined by scanning electron microscopy (SEM). The behavior of bio-

composite structures was analyzed via Fourier transform infrared spectroscopy (FT-IR) to 

determine the ink adhesion interface on the bio-composite surface. 

  

 
EXPERIMENTAL 
 

Materials 
Luffa cylindrica fiber was used as reinforcement, and the epoxy resin was utilized 

as a matrix to manufacture the bio-composite laminate specimens. The properties of the 

liquid epoxy resin are given in detail in Table 1. Luffa fibers were prepared without any 

surface treatment to observe the potential use as a core material in hybrid composites, as 

previously described (Genc 2015). Bio-composites were produced under two different 

conditions. Bio-composite plates were produced with and without a polyester separator 

between the bio-composite part and the mold. The bio-composite samples produced 

without a separator were labeled as Basic bio-composite (BC), and the ones with a 

separator were named Separator effected bio-composite (SEC).  

 

Table 1. Properties of the Liquid Epoxy Resin (Duratek 2016) 

Test Method Value 

Liquid resin properties   
Color Observation Transparent 

Density DIN EN ISO 2811-1 (2016) 1.15 kg/L 
Viscosity ASTM D1545-07 (2012) 330 mPa.s 
Pot life DIN 16945 (1989)  170’ 

Test Method Pure resin value 

Rigid resin mechanical properties   
Flexural strength DIN EN ISO 0178 (2013) 125 N/mm2 

Elasticity modulus DIN EN ISO 527-2 (2012) 3200 N/mm2 

Elongation at break DIN EN ISO 527-2 (2012) 3.75% 

Tensile strength DIN EN ISO 527-2 (2012) 75 N/mm2 

Water absorption DIN EN ISO 175 (2011) 46.5 mg 
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The effect of the separator on the bio-composite surface was examined to 

understand the ink adhesion on the surface. As shown in Fig. 1a, the specimens were 

compressed on the Y-axis using a hot hydraulic press machine to shape the bio-composites 

and cure the epoxy resin at the same time. The lower plate was fixed to the machine frame, 

while the upper plate was controlled by a programmable logic controller (PLC) system 

with 5 bars of pressure to compress the stacked laminates. The heat was adjusted to 80 °C 

during the curing process, which lasted about 300 min (Genc and Koruk 2016b). The bio-

composite was then taken out of the mold. When a separator was used in the second 

method, the polyester sheet was removed from the bio-composite surface. The coated and 

uncoated bio-composite plates are shown in Fig. 1b and 1c, respectively. 
 

    
 

Fig. 1. a) Luffa cylindrica fiber, b) BC, and c) SEC (magnification at 60%) 

 

Methods 
The chemical structures of the synthesized monomer were identified by FT-IR. The 

FT-IR spectrum was recorded on a Shimadzu 8303 FT-IR spectrometer (Shimadzu 

Corporation, Kyoto, Japan). The surface roughness of these bio-composite materials was 

measured using a portable MarSurf M 300 roughness measurement device (Mahr GmbH, 

Göttingen, Germany) with a 5.6 mm traversing length according to DIN EN ISO 4288 

(1998), and the values of the surface roughness “a” (Ra; arithmetic average of absolute 

values) and the surface roughness “z” (Rz; average distance between the highest peak and 

lowest valley in each sampling length) were recorded.  

The contact angle of the BC and SEC samples was measured using a PG-X 

Goniometer (Paul N. Gardner Company, Inc., FL, USA) based on TAPPI T 558 (2010). 

One color printing with environmentally friendly water-based black ink or solvent-based 

black ink was applied on the BC and SEC samples through the screen-printing technique. 

The equipment used for printing was a semi-automatic screen-printing machine. The mesh 

number was 120 threads per cm (tpc), and the dot per cm was 40 (dpc). The angle of the 

squeegee was 45°, and the hardness of squeegee was 75 Shore (Akgul et al. 2013). The 

density values of the BC and SEC samples were measured by a Gretag Macbeth 

SpectroEye instrument (45/0°) (X-Rite, Inc., MI, USA). Also, the CIE L*, a*, and b* 

values of the BC and SEC samples were measured by the D50 illuminant/2° observer 

values using the same instrument.  

The gloss values of the BC and SEC samples were determined using a BYK 

Portable glossmeter (BYK-Gardner Gmbh, Geretsried, Germany) based on ISO 2813 

(2014). Finally, the delta gloss of the BC and SEC samples were evaluated. The 

morphology and phase compositions of the BC and SEC samples were determined by SEM 

(JSM-5910 LV, JEOL Ltd., Tokyo, Japan) after Au-Pd coating (Ilhan 2014). The IPC-TM-
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650 Adhesion, Tape Testing Method was performed to test the ink adhesion on the bio-

composite surface (IPC 2016). 

 

 

RESULTS AND DISCUSSION 
 

Surface Properties 
The surface roughness and smoothness are important parameters to obtain a 

qualified print image. A smoother surface and sharper image results in a more resolved 

print image (Elmas and Sonmez 2011). Ra values closer to zero indicate a smoother surface. 

The Ra values, which were obtained using a MarSurf M 300 roughness measurement 

device, are given in Table 2. 

 
Table 2. BC vs. SEC Sample Roughness Values 

Roughness Ra (μm) 

BC 0.9 

SEC 1.6 

 

Bio-composites with a low surface energy have high contact angles, which indicate 

poor ink wettability (Sonmez 2011). Figure 2 illustrates the angle curves for the 20 s 

dynamic contact angle experiments. A steeply declining curve reflects fast ink spreading 

on the BC and SEC surface.  

During the 20 s test, the contact angles of the samples declined slowly, indicating 

that there was less ink spreading or ink immobilization. This could provide improved image 

resolution and sharpness. The contact angle assessed on the BC surface was higher than on 

the SEC surface, which showed that the SEC surface was hydrophilic. This was an 

important factor for ink adhesion during the printing process. Figures 3 and 4 show the 

very first moment of the drop and its spread after 20 s on the BC and the SEC samples, 

respectively. 

 

 
Fig. 2. Contact angle values of the BC and SEC samples 
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Fig. 3. Drop views on the BC samples in the first and 20th s 
 
 
 

 
 

Fig. 4. Drop views on the SEC samples in the first and 20th s 

 

 

Printability Properties 
Print density 

The print density is an important factor for a good quality print due to its 

determinant effect on the contrast between the print and substrates (Zang and Aspler 1995). 

The physical properties of the paper, such as smoothness and porosity, are prime factors 

for optimal print density. In addition, paper permeability has as much of an effect on print 

density as porosity.  

The print density is affected by the kind of coating pigment and ink ingredients 

used. Mechanical and environmental print conditions are also deterministic factors for 

optimal print density (Biricik et al. 2011). 

The printing density values of the BC and SEC samples were compared. For 

printing with the water-based ink, the utilization of SEC did not affect the density value, 

while the use of SEC increased the density values slightly for the printing performed with 

the solvent-based ink. For both of the BC and SEC samples, the density values obtained 

using the solvent-based ink were better than those resulting from the water-based ink (Fig. 

5). 

First 20 s 
 

First 
20 s 
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Fig. 5. Print density of the BC and SEC samples 

 

Print lightness 

The L* values of the printing made using the water and solvent-based inks on the 

bio-composite materials are given in Fig. 6. The lightness value, which ranges from 0 to 

100, shows the saturation of the color. Darker print is nearer to 0, and lighter print is nearer 

to 100 (Viscarra Rossela et al. 2006). 

The printing lightness value obtained from the solvent-based ink was lower than 

the one acquired from the water-based ink. Thus, the color saturation attained by the 

printing using the water-based ink was lower than for the printing with the solvent-based 

ink. In other words, the obtained shade for the water-based ink printing was lighter than 

what was desired. The utilization of the separator did not alter the L* value of the printing 

with the solvent-based ink, while the L* value of the printing with the water-based ink 

increased noticeably. 

 
Fig. 6. Print lightness of the BC and SEC samples 
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Delta gloss 

The delta gloss, which is the difference between the gloss before and after printing 

(at the same angle) (Johnson et al. 2009), is an indicator of a good glossy print. The final 

gloss values may increase or decrease depending on the surface roughness and the porosity 

properties of the paper and ink ingredients (Juuti et al. 2007). In particular, the binder of 

the ink ingredients and its amount are useful predictors of the glossy print quality (Béland 

et al. 2000). 

 

Table 3. Delta Gloss of BC Samples 

Inks 
Gloss Before 

Printing  
Gloss After 

Printing Delta Gloss 

Water-based ink 4 18 14 

Solvent-based ink 4 20 16 

 

Both the water and solvent-based ink printings on the BC samples increased the 

gloss values, as shown in Table 3. The increase in the gloss value after printing indicated 

brighter printings. 

The gloss value of the SEC samples before printing was higher than the BC 

samples, as presented in Table 4. This showed that the separator augmented the brightness 

of the bio-composite material. However, the delta gloss values of the SEC samples 

decreased after printing, which indicated that the printing brightness of the BC samples 

was higher than the SEC samples. This was an important feature amongst the printability 

parameters, as the visual quality was advanced. 

 

Table 4. Delta Gloss of SEC Samples 

Inks 
Gloss Before 

Printing  
Gloss After 

Printing Delta Gloss 

Water-based ink 11 8 -3 

Solvent-based ink 11 9 -2 

 

Print chroma 

The chroma refers to the color, and it can be measured through the color intensity 

or saturation (Preston et al. 2002). A high chroma indicates high color saturation, which is 

an important property for good quality prints. Another important property is high color 

gamut. The print chroma value (Cab) was calculated by Eq. 1 (Fairchild 2004). 

 

Cab = √a*2 + b*2          (1) 

 

For a*, negative values indicate green, while positive values indicating magenta. For b*, 

negative values indicate blue, and positive values indicate yellow. 

The print chroma values of the BC and SEC samples are shown in Fig. 7. The print 

chroma value of the printing using the water-based ink was lower than for the solvent-

based ink, which showed that there is the possibility of attaining of a wider color range on 

the SEC surfaces. This was an important parameter for defining the printing quality. 
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Fig. 7. Print chroma of the BC and SEC samples 

 

Ink adhesion 

 According to the method mentioned in the Experimental section, the insulating tape 

was stuck on the bottom printing side for both the water and solvent-based ink printings, 

and the insulating tape was later removed from the surface. After this procedure, the ink 

was removed with the insulating tape from the BC surfaces, while the ink remained on the 

SEC surfaces for both types of ink. The testing procedure of the printing with the solvent-

based ink is shown in Figs. 8 and 9. 

 The results after testing revealed that the ink was adhered only physically via drying 

on the BC surface. Thus, the ink was removed from the surface, which indicated that the 

permanent adhesion of the ink on the BC surface, the most important characteristic of 

printability, did not occur. 

 

    
 

 
 
Fig. 8. The hold out of the ink on the BC surface 
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Fig. 9. The hold out of the ink on the SEC surface 

 

FT-IR spectrum 

In Fig. 10a, the absorbance peaks in the range of 300 to 3500 cm-1 belonged to the 

H2O molecules’ –OH stretching peaks absorbed on the BC material. The peaks located 

between 2850 and 3100 cm-1 were the stretching peaks of the C-H groups within the epoxy 

resin. The adsorption peak of the C-H groups on the distortion (flexion) mode was seen at 

1450 cm-1. In this spectrum, the C-O-C stretching peak of the epoxy ring was clearly 

present at 1200 cm-1. The peak in the range of 1000 to 1100 cm-1 indicated that ether (C-

O-C) groups formed after the cure (cross-linking) of the epoxy resin. 

The FT-IR spectrum of the polymer separator is shown in Fig. 10b. This spectrum 

revealed that the separator film was a poly-amid (a mixture of NYLON 6-NYLON 6,6) 

(Khalid and Mohammad 2009). The sharp peaks at 3300 cm-1 and 3200 cm-1 were the 

stretching absorbance peaks of two different N-H groups. The distortion peaks of the N-H 

groups were clearly evident at 1520 cm-1. The peaks situated in the range of 2900 to 3000 

cm-1 were the stretching peaks of the C-H groups. The absorbance peak of the carbonyl 

groups in the poly-amide structure (C=O) groups was found at about 1630 cm-1. 

Figure 10c shows the FT-IR spectrum taken from the surface of the composite 

material prepared using the poly-amid based separator film. This spectrum was similar to 

the FT-IR spectrum of the separator film in Fig. 10b. Hence, the poly-amid based separator 

film was fully adhered/absorbed on the epoxy based bio-composite surface during 

production. As this bonding occurred at an elevated temperature, covalent bonding was 

expected to form. The stable adhesion of the poly-amid film via covalent bonding caused 

the bio-composite surface functionalization with the C=O and N-H groups, which could 

cause hydrogen bonding at the same time. In other words, the surface of the epoxy based 

bio-composite material was modified to adhere the ink more stably on the surface by 

forming hydrogen bonds. When the water or solvent-based inks were applied on the 

surface, the groups capable of forming hydrogen bonds, which were present in both kinds 

of ink, constituted hydrogen bonds with the C=O and N-H groups and resulted in the better 

and more qualified adhesion of ink on the surface. 
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Fig. 10. FT-IR spectra of (a) the bio-composite surface prepared without the separator (BC),  
b) the polymer separator, and c) the bio-composite surface prepared with the separator (SEC). 
The FT-IR spectra were taken using the Attenuated Total Reflectance (ATR) module. The spectra 
represent the functional groups on the material surface. 

 

Figure 11 shows the FT-IR spectra of the surfaces with the separator film (Fig. 11a) 

and after application of the water-based (Fig. 11b) and solvent-based inks (Fig. 11c). The 

loss of the characteristic peaks of the poly-amid structure on the ink-transferred surfaces 

revealed that the ink perfectly bonded/adhered on the surface and completely covered the 

surface by wetting in a compatible manner. 

 

Fig. 11. FT-IR spectra of a) the SEC surface, b) the water-based ink applied on the SEC surface, 
and c) the solvent-based ink applied on the SEC surface 
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SEM micrographs 

The SEM-BE (backscattered electron) micrographs of both the BC and SEC 

samples are given in Fig. 12. The micrographs showed the ink layer and mold structures. 

There was no chemical bonding between the substrate and the ink. Rather, there was an 

interaction between the functional groups of the polymer molecules with the substrate 

surface, which could not be visualized by the SEM system. 
 

      
 

Fig. 12. SEM-BE micrographs at 500 times magnification. (a) BC sample; (b) SEC sample. (1) 
indicates the ink layer, and (2) indicates the mold structures. 

 
 
CONCLUSIONS 
 
1. It was discovered after the production of the bio-composite materials without the use 

of the separator that there was no adequate adhesion of the ink due to physical drying 

on the surface.  

2. Without the use of the separator on the surface, only the cross-linking of the epoxy 

resin occurred. It was determined by the FT-IR spectra that the poly-amid based 

separator film was fully adhered/absorbed on the epoxy based bio-composite material’s 

surface during the production process. In other words, the surface of the epoxy based 

bio-composite material was modified in order to adhere the ink more stably on the 

surface by forming hydrogen bonds. When the environmentally friendly water-based 

ink or solvent-based ink were applied on the surface, the groups capable of forming 

hydrogen bonds, which were present in both kinds of ink, constituted hydrogen bonds 

with the C=O and N-H groups. This resulted in better and more qualified adhesion of 

ink on the surface, which was due to the presence of the separator. 

3. For both of the surfaces, the obtained printing density, delta gloss, and chroma values 

were all higher for the solvent-based ink, which indicated that the visual quality was 

better for the solvent-based ink printing on the bio-composite material made by Luffa 

cylindrica fiber. Also, as the surface of the bio-composite materials was very 

hydrophobic, the solvent-based ink in the printing process displayed better 

performance and printability compared to the environmentally friendly water-based ink 

during the image transfer on the bio-composite material and drying stages. 

a
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4. The use of the separator improved the gloss values noticeably, while it resulted in no 

large difference in the values of print density, chroma, and lightness values. 
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