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Abstract 

Eco-friendly inks have appeared also to digital printing area 
during last ten years, although every ink manufacture has slightly 
different determination for “eco-ink”. One way to increase the 
eco-friendliness is to use bio-based ingredients instead of 
petroleum-based materials. The term “bio-based” describes a 
product that utilizes biological products, or renewable domestic 
agricultural or forestry materials. At the moment the bio-based 
materials of inkjet inks are mainly originating from soybean or 
other sources that are suitable also for food, which makes their 
use arguable. The water soluble wood hemicelluloses could offer a 
truly sustainable option for binder in water-based inks. Lately the 
paper industry has intensively started to study how to exploit the 
wood maximally in pulp making process and the isolation of 
hemicelluloses from pulp making waste waters has been 
recognized to be one of the promising ways to utilize the side 
streams. 

Due to newness of eco-friendly inks, the terminology is still 
very fragmented. In this paper we consider the term eco-friendly 
ink and how it is used nowadays. The isolation methods of 
hemicelluloses and their properties and suitability for inkjet inks 
are discussed including some test results of hemicellulose-based 
ink. 

Introduction 
Ink suppliers have become more interested in developing eco-

friendly (EF) inks due to increased customer interest. The area of 
EF inks is relatively new and therefore ink suppliers have very 
different justifications, when they use the term in their marketing. 
Often the justification comes from the comparison to the older 
similar product, for example some ingredient has been replaced or 
removed from the formula. Very rarely the ink manufacturer has 
proved the eco-friendliness by life cycle assessment (LCA).  

The problem with EF inks is familiar from other sectors: 
consumers think “going green” is a good thing, but so far they 
have not been willing to pay any or very little premium for it [1]. 
Therefore the big steps in eco-friendliness of inks have commonly 
been enforced by changes in government regulation. Even at the 
moment many ink ingredients could be replaced by products 
coming from green sources (e.g. synthesized from bio-derived 
monomers), but it is too expensive as long as the oil price is low. 
From the cost and environmental impact point of view the best 
situation would be if the new EF ingredients would become as a 
by-product or waste product from existing biomaterial processes. 

Eco-friendliness of inks 
According to PIRA report [2], there are usually four areas 

considered when discussing EF inks: 
• Reduction of volatile organic compounds (VOC’s), 
• Decreased energy usage, 
• The use of renewable resources in ink formulation 

and 

• Life cycle assessment (LCA) 
This division is partially misleading, because the lifecycle 

analysis takes into account all the three previous areas, but also 
other factors influencing environmental impacts of the ink. 
Nevertheless, this division shows the areas ink suppliers are 
concentrating at the moment.  

VOC’s are both toxic for humans and they participate in 
climate change by producing photochemical oxidants. The VOC 
emissions of printing industry have decreased rapidly due to 
tightened legislation. In inkjet printing, the VOC’s have been a 
problem in solvent ink printing, in which the drying occurs by 
evaporation of solvent. The new EF solvent inks have been sold as 
a mild-solvent, eco-solvent or bio-solvent inks. The difference of 
these terms is non-specific, but according to marketing materials, 
one interpretation could be that mild solvent inks contain less fast 
evaporating solvent, eco-solvent inks contain only mild solvents 
and in bio-solvent inks the solvents are plant-derived. Distinctly 
the terminology of EF solvent inks would need an industrial 
standard. In some contexts the UV inks have been brought out as 
eco-friendly option for solvent inks, although this presumption has 
been based only on the amounts of released VOC’s at printing 
stage. To certify this presumption, LCA’s of solvent and UV inks 
should be compared.  

The energy usage refers in most cases to the power needed to 
dry the ink layer at the printing stage. This interpretation covers 
mainly UV inks and aqueous inks. UV inks need the UV lamps to 
be polymerized and often aqueous inks need to be dried by heat. 
On both sectors new more efficient drying equipment is available, 
like LED lamps and radio frequency drying [3, 4]. From ink 
chemistry point of view, the use of LED lamps in UV curing 
requires adding of photoinitiators responding at the same 
wavelength as LED lamps are radiating. Radio frequency drying 
does not need any changes in ink formula. However, when the 
energy usage is discussed, one should take into account also e.g. 
the energy needed in production of the ink ingredients as well as 
the ink itself and in waste management. For example the pigment 
grinding for inkjet purposes is very energy intensive stage.  

The use of renewable resources in ink formulation is a hot 
topic in printing industry at the moment. This refers to replacing 
the petroleum-based chemicals by chemicals derivated from 
renewable resources. National Association of Printing Ink 
Manufacturers (NAPIM) launched the Bio Renewable Content 
(BRC) Index in 2009. This index certifies the amount of bio-
renewable content in an ink formulation. Many ink manufacturers 
have adopted the index and utilize it in the marketing. At the 
moment the sources of bio-chemicals are often also suitable for 
food and this has aroused criticism against their industrial usage. 
Especially soy has been a popular food-plant origin for bio-
derivated chemicals used in inks. When bio-based chemicals are 
discussed, another important point is the amount of modification 
and what kind of processes and chemicals has been used in it its 
production. The bio-based polymers can for example be modified 
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by polymer synthesis with petroleum-based chemicals to enhance 
desired properties. This process step naturally increases the 
environmental impact of the product and the modification can also 
change biodegradability of the material. 

LCA is a research method developed for assessing the 
potential environmental impacts of a particular product. It takes 
into account the product’s entire life cycle beginning with the 
sourcing of raw materials and including every stage of the 
product’s life cycle from production to use and disposal. It is much 
wider than for example carbon footprint calculation, which tells 
only the total amount of greenhouse gases produced directly and 
indirectly through entire life cycle of the product. The LCA is a 
useful tool for examining and evaluating the potential 
environmental impacts of products and for identifying areas where 
improvement is needed. On the other hand LCA requires laborious 
calculations and assessments and the ink manufacturer need to get 
properly acquainted with the ingredients used in inks. Then again 
it can be considered as an only usable standardized method, if all 
the ecological impacts are truly wanted to be found out.  

Aqueous inkjet inks are considered to be an environmental 
choice, since the water is the main component of them. Binders are 
used in waterborne inkjet inks to give e.g. gloss, adhesion to 
substrate, resistance to chemicals and environment. The amount of 
binders can vary from almost zero to 10% depending on the 
application [5]. Most of the binders used in aqueous inkjet inks are 
petroleum-based and therefore changing the binder to bio-based 
option offers a good way to decrease the ecological impact of 
aqueous inkjet ink.  

Binders from wood 
The hemicelluloses are one of the most abundant biopolymers 

in the plant kingdom: they are widely available in the form of 
waste from forest industry, energy crops, agricultural residues, 
straw and grass. Since they are renewable and biodegradable, there 
has aroused an interest to refine them and use them as 
environmental friendly polymers in different applications.  

The forest industry has adopted the biorefinery concept and 
therefore the isolation methods of wood hemicelluloses, as well as 
modification methods have been developed exceedingly during 
last years. This matches well with the ideal situation of green 
thinking because the materials come as a by-product or waste 
product from existing biomaterial processes. There is considerable 
potential of waste and by-products since the forest industry 
companies convert annually huge amounts of wood.  

In softwoods like spruce and pine, the dominating 
hemicellulose is non-ionic O-acetyl-galactoglucomannan, often 
referred as AcGGM (Figure 1). The amount of AcGGM in 
softwood is about 10- 20% of wood material [6]. 

AcGGM can be isolated either by filtration from the process 
water of thermomechanical pulping (TMP) [7], by pressurized hot 
water technique from saw meal [8] or by steam explosion method 
from wood chips [9]. When the filtration method was used, the 
reported yield was 5 kg AcGGM /ton pulp with 95% purity. This 
method was also tested in mill-scale resulting in less pure AcGGM 
[10]. The extraction technique and the process parameters affect 
the yield, purity, average molar mass and removal rate of acetyl 
groups, which enhance the water solubility. However, it is  

 
Figure 1. Structural features of Norway spruce water-soluble O-
acetylgalactoglucomannans. [10] 

assumed that obtaining truly pure AcGGM without any aromatic 
structures or other polysaccharides attached to the backbone will 
be extremely difficult [10].  

Whereas softwood is an excellent source of 
galactoglucomannan, the hardwoods, like birch and eucalyptus 
contain lot of O-acetyl-4-O-methyl-glucuronoxylan, often referred 
as glucuronoxylan, or simply xylan (Figure 2). For example birch 
contains circa 28 % and eucalyptus circa 20 % of xylan (structural 
substances in percent referred to extracted air-dry wood) [11].  

 
Figure 2. The structural features of O-acetyl-4-O-methyl-glucuronoxylan. [12]. 

Several processes have been developed for isolation of 
hardwood xylan. For instance xylan can be extracted from 
bleached hardwood kraft pulp before papermaking [13] or it can be 
isolated from hardwood black liquor derived from cooking [14]. 
Also steam explosion method can be utilized for xylan extraction 
[9]. In most cases the acetyl groups are removed from the 
molecule during the extraction process resulting to poor water-
solubility, but good alkaline solubility.  

As pure components neither AcGGM or xylan suit perfectly 
for ink components, but both of them can be modified after 
isolation. The hydroxyl functional groups enable modifications, 
such as esterifications and etherifications [15]. For example the 
birch xylan has been etherified with benzyl chloride in aqueous 
alkali solution for other than ink purposes at VTT to attain 
hydrophobic and thermoplastic xylan derivative [15]. Another, so 
far unpublished xylan derivative has shown excellent film forming 
capability without external plasticizers and after drying it has 
formed a flexible, translucent and colorless film [16]. 

The development targets for both AcGGM and xylan are to 
improve film forming properties and increase water resistance 
after drying to meet better the demands set for aqueous ink binder. 
By applicable modifications these targets are possible. 

The suitability of unmodified AcGGM for inkjet purposes 
was preliminarily tested with AcGGM extracted from the process 
water of thermomechanical pulping. The tested AcGGM had a 
very wide molar mass distribution and it contained impurities, 
including other polysaccharides and lignin. However the inks 
consisting 2-4% AcGGM provided relatively good jetting 
properties and adhesion. Then again the water resistance was poor.  
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Discussion 
The encouraging results of preliminary test gave reason to 

believe that hemicelluloses can be utilized in aqueous inkjet inks 
as well as in other inks. Tight molar mass distribution, more 
advanced purification methods for raw hemicellulose and 
appropriate chemical modifications will be the important factors, 
when the hemicelluloses are considered for inkjet ink purposes. In 
addition to aqueous inks, we presume that proper modifications 
can be found also for UV inks. VTT has a long experience on 
hemicellulose chemistry and different modification methods. This 
gives a good starting point also for EF ink development. The best 
results would be obtained by continuing the development work 
together with ink manufacturer. Future work will cover e.g. the 
testing of different hemicellulose modifications, economic analysis 
and environmental evaluation of the concept.  

Replacing conventional binders with bio-based binders is one 
step towards more ecological ink. The next big possible step could 
be replacing the pigments with bio-based products.  
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