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ABSTRACT: A flotation process and two different heat treatment processes prior to pulping were investigated 
according to their ability to remove mineral oils. For flotation, a correlation between removal of mineral oils and 
inorganic particles could be found for all process chemicals used in this study. By optimization of chemical concen-
tration and dosing sequence, up to 80% of mineral oils could be removed while keeping the total losses smaller than 
15%. The heat treatment processes achieved mineral oil removal rates that were in some cases even higher than 
those for flotation. For these processes, the most important parameters appeared to be the specific energy applied, 
the temperature, and the particle size distribution of recovered paper components. However, the specific energy 
consumption was quite high.

	 Application: This study shows the possibilities for removing mineral oil in recovered paper processing at 
laboratory scale. Besides conventional processes, treatments with hot air and steam were used with success.
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Today, recovered paper for recycling is the most 
important raw material fiber for the paper industry 

worldwide [1]. It represents high economic and ecologic 
benefits, including an important cost reduction as well as 
a better use of paper resources, which are reused instead 
of landfilling or incineration. The 2010 global paper 
recycling rate of over 58%, corresponding to approxi-
mately 230 million metric tons, was the highest rate ever 
achieved. Of all paper products, the highest recycling 
rates can be reported for corrugated packaging materials 
and newspaper, which are more than 90% in Europe [2]. 
Also, the recovered paper utilization for folding boxboards 
is very high—twice as high as that for the production of 
graphic papers and roughly 8 times higher than for the 
production of sanitary and special paper grades. 

Nevertheless, these recycled paper and cardboard prod-
ucts, which are also used as food packaging for a large variety 
of products, can contain harmful substances typically not re-
moved by the recycling process [3,4]. In this context, their 
possible migration into foodstuffs has to be considered. Dur-
ing the last two years, an intensive discussion between repre-
sentatives from authorities, paper manufacturers, and re-
searchers about mineral oil in foodstuff and packaging 
material has taken place. The fact that recycled board prod-
ucts contain mineral oils between 300 to 1000 mg/kg with a 
relative low mass (C18–C22) and an aromatic proportion of 
15% to 20% [5,6] cannot be ignored and has been well known 
by experts as mineral oil hump for a long time. 

The mineral oil components consist of saturated, open 
chained, mostly branched, and cyclic hydrocarbons (mineral 
oil saturated hydrocarbons–MOSH), as well as aromatic hydro-
carbons (mineral oil aromatic hydrocarbons–MOAH), often 
with alkylated side chains [7]. Due to their small chain length, 

below 24 carbon atoms, they may migrate from the board via 
the gas phase into foodstuffs. Inner bags from paper or poly-
ethylene are not effective barriers in food packaging, also re-
sulting in a general mineral oil migration from transport pack-
ages (e.g., corrugated boxes) into foodstuff, referred to as 
cross-contamination. This is true not only for foodstuff in 
board packaging but also for foodstuff in other packaging ma-
terials, such as plastic bags that are stored and/or transported 
in secondary packaging made from corrugated board, for ex-
ample [8,9]. 

The major source of mineral oil contaminants are offset 
coldset inks present on newspapers, which contain on aver-
age 3000 mg/kg of these substances [4,10]. However, mineral 
oil components can also be found in smaller amounts in virgin 
fiber-based products and can be derived from other sources, 
such as retention aids, defoamers, and sizing agents, for ex-
ample, that are also present in recovered paper. In order to 
protect consumers health, the German Federal Institute for 
Risk Assessment (BfR) proposed five potential solutions 
against migration in 2009 [6]:

1. Use of virgin fiber-based board and packaging
2. �Separation of recovered paper loops by modified 

collection and sorting systems and the utilization of 
selected recovered paper grades for recycled board 
production

3. Use of barrier coatings or plastic bags
4. Use of mineral oil free inks and process chemicals
5. �Removal of mineral oils and other contaminants from 

recovered paper and board

The European Food Safety Authority (EFSA) is even think-
ing about proposing a mandatory limiting value for migration 
based on further toxicological evaluations [11]. As a conse-
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quence, a series of research projects has been initiated to find 
new economic and ecologic ways to inhibit migration. 

The aim of this study is to investigate both heat treatment 
processes for mineral oil removal from dry recovered paper 
with steam and hot air and the influence of flotation param-
eters and chemical additives during recycled pulp processing 
on the mineral oil removal efficiency. Another objective was 
to determine the influence of raw material composition by 
correlating the mineral oil removal with other paper charac-
teristics like raw material composition and ash content. Fi-
nally, the three processes were compared in terms of mineral 
oil removal and cost efficiency to determine whether they are 
economically viable to be used in industrial processes. 

MATERIALS AND METHODS
For the optimization of both mineral oil removal treatments, 
three different raw materials were chosen and compared to 
each other in terms of mineral oil reduction during treatment 
and raw material composition. These materials are listed in 
Table I. Deviations from the mean mineral oil values can be 
attributed to calibration of the analytical apparatus and sam-
pling of test material that was stored in pails packed in alumi-
num foil to prevent mineral oil losses. 

Furthermore, three different chemicals were used for re-
moving mineral oils from fibers and for stabilization of con-
taminants in the aqueous phase. The first chemical was an 
oleic acid normally used for deinking trials according to IN-
GEDE Method 11 “Assessment of print product recyclability–
Deinkability test” (2012). This surfactant (Chemical 1) had 
been used in earlier research work connected with mineral 
oils and was therefore used as a benchmark. 

The second chemical was a strongly emulsifying surfactant 
based on fatty acid esters (mainly oleic acid ester) dissolved  
in ethanol (Chemical 2), which becomes surface active after 
reaction with sodium hydroxide. Furthermore, it reacts with 
calcium ions present in process water by forming stable flocks 
easy to remove during flotation. Moreover, this chemical helps 
to reduce the average air bubble size during flotation. These 
characteristics made it highly effective in removing mineral 
oils from pulp suspensions. 

The third substance was an anionic emulsifier for mineral 
oil emulsions composed of sulfated fish oil and sodium salt 

(Chemical 3). According to manufacturer’s data, this chemical 
foams just weakly, which is why it was combined with oleic 
acid (Chemical 1) for some of the trials. Both emulsifying 
chemicals were food grade products so that no further con-
tamination of pulp was caused. For initial dosage, manufac-
turer recommendations were used. For trials with Chemical 
1 (oleic acid), 0.8% substance related to oven dry pulp was 
used. The dosage of Chemical 2 was twice the dosage of 
Chemical 1, and for Chemical 3, a dosage of 0.5 % substance 
related to oven dry pulp was added to the raw material.

To achieve results which are transferable to industrial pro-
cesses, flotation trials were made according to INGEDE Meth-
od 11, whereas a high consistency pulping stage at 24% con-
sistency for 10 min was applied prior to standardized pulping, 
at 15% consistency. Before high consistency pulping, only 
functional chemicals dissolved in deionized water (Chemical 
1, 2, or 3) were added to the paper samples to guarantee a bet-
ter emulsification of mineral oils inside the aqueous phase. 
The remaining deinking chemicals were added prior to the 
second pulping stage in quantities defined in INGEDE Method 
11 and diluted with water at 18º of German hardness (ºdH). 
The only exceptions were trials with Chemical 1 where so-
dium hydroxide was added to the first pulping stage for dis-
solution reasons. After the second pulping, the stock was di-
luted to 5% consistency with prepared water at 18ºdH and 
stored at 45ºC for 1 h.

Besides optimization of flotation chemistry, the process 
parameters’ flotation time, air volume, consistency, and tem-
perature were also varied in two different steps to determine 
their influence on mineral oil removal. Before and after flota-
tion, pulp samples were taken, according to Fig. 1, to form 
filter pads for brightness and ink elimination measurements. 
Furthermore, 4 g o.d. pulp was dewatered by centrifuging the 
pulp for 17 min at approximately 5000 g and removing the 
supernatant. The thickened samples were then dried to a con-
stant weight in a climatic chamber at standard climate (23ºC 
and 50% relative humidity). According to BfR method [12], 
the mineral oils were then extracted with an n-hexane-etha-
nol (1:1) solution for 2 h and analyzed by gas chromatography 
equipped with a flame ionization detector (GC-FID).

The heat treatment processes for mineral oil removal were 
performed with dry paper samples in shredded (0.5 cm²) form 

Material
Ash Content,  

%
Mineral Oil Content,  

mg/kg

German coldset printed newspaper (ONP) 19.6 6000

Coated unprinted boxboard with a grammage of 320 g/m² 26.6 500

Unprinted double face corrugated board with C flute 15.6 500

I. Composition and type of raw materials used for the study
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that were placed in a cylindrical body with 100 mm diameter. 
On top and bottom of that cylinder, perforated plates with a 
hole diameter of 0.5 mm were installed so that air from a hot 
air gun (500 l/min) or a transportable steam generator (70 l/
min) could be passed through (Fig. 2). Different process pa-
rameters such as the air temperature, steam pressure, and 
treatment time were analyzed. For some trials, paper samples 
were cut into squares of 4, 16, and 64 cm² to determine the 
influence of particle size on mineral oil removal. To evaluate 
the mineral oil removal during these processes, paper samples 
were analyzed according to BfR method [12] already de-
scribed for the flotation process. In case of steam treatment, 
the processed samples were air dried for few hours at standard 
climate prior to solvent extraction. 

RESULTS AND INTERPRETATION
Flotation trials

The evaluation of flotation process parameters showed that a 
higher temperature and a lower air ratio did not influence the 
removal efficiency for mineral oils at all, whereas a higher 
flotation time increased the mineral oil removal in cases of 
Chemical 3 and Chemical 1. Also, the pulp consistency had 

an influence on mineral oil reduction. A higher consistency 
caused a lower solids air ratio and decreased the mineral oil 
reduction as expected. Furthermore, higher losses were 
caused at high consistencies. However, these effects were 
only minor compared to those achieved for the alternative 
flotation chemistry that is discussed in more detail in the fol-
lowing paragraphs. To achieve appropriate correlations be-
tween the separation of inorganic particles and mineral oils, 
mass balances of both parameters were used for calculation. 
By doing so, variations on flotation yield could also be dis-
counted.

As demonstrated in Fig. 3, a standard deinking chemistry 
with Chemical 1 achieved a maximum mineral oil separation 
of 70% for ONP, whereas the separation for board products 
was much lower (60%). For the addition of Chemical 3, the 
mineral oil separation of both ONP and coated boxboard 
could be increased significantly. Separation rates for both 
products were almost at 80% (Fig. 4), whereas the separation 
rate for corrugated board could not be increased, which might 
be explained by its low inorganic content as Chemical 3 
seemed to improve the selectivity of the flotation process for 
inorganic particles by forming smaller air bubbles and a very 
stable flotation froth. As opposed to Chemical 1, a good 

1. Flow chart test procedure for assessment of mineral oil removability during flotation. 2. Experimental setup for steam and 
hot air treatment.
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correlation between mineral oil (MOSH and MOAH) 
separation and the removal of inorganic particles was 
determined for the combination of Chemicals 1 and 3. The 
reason for this lies in the fact that Chemical 1 has a good 
selectivity for hydrophobic ink particles while the ash removal 
rate is quite small. Those hydrophobic particles can mainly be 
found in printed newspapers (printing dots), which had the 
highest mineral oil removal in combination with Chemical 1 
since most of the mineral oils are still attached to those 
hydrophobic printing dots. In board products, mineral oils are 
well distributed in the sheet and preferably adsorb to inorganic 
particles with a large surface area, which could be shown in 
earlier studies where a fines fraction was removed from a 

recovered paper suspension and separated into inorganic and 
organic enriched fractions [13]. In order to separate inorganic 
and organic fines, flotation and counter flow sedimentation 
were applied after a dispersing treatment that was applied to 
split up bonds between both compounds. The results are 
demonstrated in Fig. 5. Furthermore, specific surface area 
measurements of the untreated and treated fines fractions 
were performed and the results were correlated with mineral 
oil measurements of the same samples. It could be shown that 
the mineral oil content in the fines fraction decreases with a 
decreasing specific surface area of the fines fraction. To that 
end, a separation of small, mainly inorganic particles is needed 
to achieve a good mineral oil removal, which is impossible for 
the use of Chemical 1.

Of all tested chemicals, Chemical 2 achieved the best 

3. Correlation between separation of mineral oil saturated 
hydrocarbons (MOSH) and mineral oil aromatic hydrocarbons 
(MOAH) and inorganic particles from three different paper 
samples for the use of Chemical 1 (oleic acid) as functional 
chemical at different process parameters.

5. Correlation between mineral oil (MOSH/MOAH) and ash 
content for fines suspensions after flotation (Flot) and counter 
flow sedimentation (Sed) treatment [13].

6. Correlation between separation of MOSH and MOAH and 
inorganic particles from three different paper samples for the 
use of Chemical 2 as functional chemical at different process 
parameters.

4. Correlation between separation of MOSH and MOAH and 
inorganic particles from three different paper samples at three 
different process parameters for a combination of Chemicals 1 
and 3 as functional chemical.
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mineral oil removal efficiencies. For Chemical 2, no 
differences between various paper grades could be found, 
and almost similar removal rates were achieved for all 
flotation parameters tested (Fig. 6). In fact, a mineral oil 
removal rate of about 60% was already achieved after 5 min 
flotation. As opposed to other functional chemicals tested, a 
shift to lower inorganic removal rates could be achieved by 
dosing Chemical 2 in combination with a 50% increased 
amount of sodium hydroxide and dilution water of 18ºdH. In 
this way, a mineral oil removal of 80% and total losses of only 
13% were possible for ONP.  

However, none of the chemicals may achieve complete 
mineral oil removal from recovered paper suspensions since 
mineral oils do not only adhere to inorganic particles; those 
that are attached to fibers cannot be removed because a 
detachment does not take place. In fact, only particles with 
a high concentration of contaminants are removed during 
flotation, resulting in smaller losses compared to washing 
processes.

Heat treatment prior to pulping
The two approaches for heat treatment showed that, despite 
their similarity in process conditions, different influencing 
parameters could be discerned. As with all investigated min-
eral oil removal processes, both followed an exponential 
decay function. However, for steam treatment at 100ºC, a min-
eral oil removal of 70% for ONP and of 81% for coated box-
board was possible, whereas the removal rate for hot air treat-
ment was significantly lower at the same temperature, as 
shown in Fig. 7. Moreover, the hot air treatment had a sig-
nificantly lower specific energy demand and a greater initial 
removal rate than the steam treatment. Another disadvantage 
of the steam treatment was found to be the condensation. Dur-
ing recovered paper treatment, samples were moistened at 
border areas to metal surfaces in the upper layer of the sample, 

which reduced the mineral oil removal rate in these areas. An 
increase in steam pressure followed by a higher temperature 
did not result in further improvements. 

In contrast to steam treatment, a better mineral oil remov-
al rate could be achieved when using hot air treatment at tem-
peratures higher than 100ºC. As demonstrated in Fig. 8, an 
equivalent mineral oil removal of 81% could be achieved for 
coated boxboard at 150ºC. At that temperature, the specific 
energy consumption was about 4300 kWh/t and still less than 
half of the energy necessary for steam treatment. 

The explanation for the improved mineral oil reduction at 
higher temperatures can be found in the composition of the 
mineral oil mixtures. Those with low molecular weight 
contribute to a high removal speed at the beginning of the 
process, while those with large molecular weight evaporate 
very slowly and incompletely, resulting in a saturation 
concentration for each temperature. To that end, the mineral 

7. Specific energy demand for mineral oil removal during hot air 
and steam treatment of newspapers (ONP), coated cardboard 
(CCB), and corrugated board (OCC) at 100ºC (212ºF).

8. Influence of hot air temperature on mineral oil removal after 
10 min (shredded samples).

9. Influence of particle size on mineral oil removal from coated 
board during hot air treatment at 100ºC (212ºF). 
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oil removal is independent of the initial concentration.
Further investigations showed that the mineral oil remov-

al rate decreases with increasing particle size due to unfavor-
able flow conditions. This means that recovered paper sam-
ples need to be shredded prior to treatment. As illustrated in 
Fig. 9, the best results were achieved for particles smaller 
than 4 cm².    

CONCLUSIONS
All processes examined here have a high potential to remove 
mineral oils from recovered paper to more than 80%. How-
ever, the final mineral oil content in recycled paper will still 
be too high to meet mandatory limits that might be posed by 
the European legislation in the near future. However, in the 
short term, these processes could make a big contribution in 
removing mineral oils from the recovered paper cycle and 
would help to steadily decrease the mineral oil content in 
foodstuffs.

Of the three different investigated processes, flotation is 
most favorable in terms of energy demand. It was shown that 
a very fast mineral oil removal in a single loop flotation pro-
cess is possible when choosing the right flotation chemistry. 
However, it was found that a correlation between mineral oil 
removal and the removal of inorganic particles exists, which 
causes significant losses that need to be replaced by virgin 
fiber products. Moreover, the residues needed to be landfilled 
or incinerated, which would increase the cost of the final 
product. Nevertheless, a removal of inorganic particles would 
contribute to better strength properties of recycled papers, 

and it might be possible that new valuable products will soon 
be found that could be produced from these residues.   

A solution without any residues, but with a higher specific 
energy demand, would be the heat treatment process. Here, 
the hot air treatment would be preferred, as its specific 
energy demand is significantly lower than that for steam 
treatment. Moreover, no problems with condensation can 
appear. The only disadvantage of this process would be the 
requirement for prior size reduction of recovered paper 
samples to improve flow conditions. TJ
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In the early 1940s, a group of safety professionals gathered together 
to form what is now the leading industry association solely focused on 
safety. This non-profit, non-political, organization remains devoted to 
safety throughout the forest products industry.
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