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THE INFLUENCE OF CALCIUM IONS ON DEINKING FLOTATION
RECOVERY UNDER DIFERENT CONDITIONS

Dragana Marilovic’l, Maja Trumiél, Milan Trumic’l,Lj ubi¥a Andri¢*
'"Technical Faculty Bor, University of Belgrade, V.J. 12, 19210 Bor, Serbia

*Institute for Technology of Nuclear and other Mineral Raw Materials, Franid'Epere 86, Serbia

Abstract

Deinking flotation is the most commonly used method in recycling paper process. Better understood of
the interactions between added surfactant and the solid surfaces of ink can be accomplished by studying
the fundamental mechanism. The effect of reagents on the flotation of offset paper was investigated for the
purpose of efficiency removing the toner particles and fiber purification under different pH values in the
presence of calcium ions. The results showed that calcium ions in combination with oleic acid remove
toner particles with high efficiency in a short flotation time.

Keywords: deinking flotation, offset paper, calcium ions, toner recovery.

1. INTRODUCTION

The use of secondary raw materials has several advantages, which are reflected in the
conservation of natural resources and the reduction of environmental pollution and energy
consumption [1]. Recycling of old paper is based on a combination of different technologies
used to remove toner particles from the paper used for printing. When the particles are
mechanically separated from the fibers, they are separated from the pulp by various operations.
These operations include washing, screening, flotation, or a combination of these methods [2].
Many scientists have researched this area and made the conclusion that deinking flotation is most
commonly used to remove ink from printed paper [3-5]. The mechanism of deinking flotation is
similar to the flotation of mineral resources. Hydrophobic, non-wetting particles attach to the air
bubbles and together with them float as aggregates to form a foam which is mechanically
removed, while the hydrophilic fibers remain in the aqueous phase [6-8]. Practically, deinking
flotation is a two-stage process which includes detaching of ink from the fibers and fillers and
separation of ink particles from fibers and fillers. Deinking flotation of offset paper was
researched throw experimental and simulations [9,10,11,12].

2. EXPERIMENTAL

2.1 Materials and methods

The pulp was formed from synthetic samples of white unprinted offset paper and toner cartridge
from a laser printer. The pH value was regulated by 0.1 M HCI and 0.1 M NaOH. Flotation was
performed with the oleic acid collector (125g/t) and CaCl, (35 kg/t). Distilled water was used for
the flotation experiments. Before pulping, paper was mechanically fragmented in paper shredder
into 4 mm x 40 mm. The paper type was MAESTRO standard A4, 80 g/m”.
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Figure 1 Shredded paper sample

After shredding, the sample needed to be soak in the liquid phase to allow the fibers swell for
more efficient disintegration. The solid phase was soaked with about 200 ml of distilled water
heated to 40 °C followed by the disintegration phase in the blender. To accelerate the swelling
process of the cellulose fibers, another 200 ml of heated distilled water was added to the
disintegrated sample and the cellulose fiber sample was allowed to stand for 17 hours. Synthetic
toner sample was prepared by melting toner from an HP LaserJet CB435A cartridge, for 60 min
at 100 °C, to provide a representative realistic sample.

Figure 2 Toner sample before melting

Flotation was performed using the oleic acid collector (125 g/t) and CaCl,(35 kg/t) added to the
pulp during the conditioning phase.The operating conditions for the toner flotation phase were
adopted based on the values of optimal conditions from the literature [1, 11, 12, 14] and were the
same for all experiments: rotation speed 1100 rpm, air flow 270 dm’/h, pulp temperature 21-23
°C, solid phase content in pulp 1 %, conditioning time 15 min. The samples were extractedfrom
the froth at 2, 4, and 20 min and then were filtered on ash less filter paper. The filter pads was
transferred to an oven at 525 [J for at least two hours. The ash was analyzed by X-ray
fluorescence to determine the total iron concentration.The efficiency of the process was
monitored through the toner recovery in the foam product (It) and the fiber recovery in the sink
product (Im).Optimization of the flotation process should provide recoveries greater than 90 %

[11].

3. RESULTS AND DISCUSSION

Table 1 shows the flotation results of toner and fiber recovery for all tested conditions. The
obtained results show that the greater impact of pH value is on the toner recovery than on fiber
recovery.
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Table 1 - Results of deinking flotation under different conditions

F lotatlo‘n time 2 4 20
t (min)

H It Im It Im It Im

P (%) (%) (%) (%) (%) (%)
3 66.03 94 .51 68.40 91.46 68.71 88.21
5 69.81 93.71 71.38 90.39 71.45 86.67
7 83.38 92.22 84.50 88.67 84.81 85.97
9 68.12 93.42 69.39 91.72 69.79 88.29
12 98.28 90.96 98.95 86.80 99.38 81.01

From Table 1 can be seen that after 20 minutes of flotation in a very acidic condition (pH 3) to
weakly basic (pH 9) environment, or after 4 minutes in a neutral conditions (pH 7), there is a
reduced fiber recovery to about 88 %. With extended flotation time, there is a loss of fibers in the
foam product. The loss of fibers from sink products to the foam layer is greatest in the highly
alkaline environment, where after 20 minutes of flotation fiber recovery is 81 %. At shorter
flotation times, up to 2 minutes, in a highly acidic to slightly alkaline environment, value of toner
recovery increased by about 4 % on average, while in a strongly alkaline environment this
increase is about 30 %. Generally, maximum values for toner recovery are reached at all pH
values after 4 minutes of flotation. These results indicate a negligible effect of pH on the rate of
separation of toner particles into the foam product under shorter flotation times. The highest
recovery values under the given conditions were reached after 2 minutes of flotation in a strongly
alkaline medium(pH = 12; Im = 98.28 % It = 90.96 %).The results are showed on Figure 3.

Recovery of toner (It) and fibre (Im) in a alkaline medium

105 98,28

1(%)
z2®
S
&

75 oIt (%)
—8— Im (%)

0 5 10 15 20

Time (min)

Figure 3 Toner (It) and fibre (Im) recovery at pH 12

Analyzing the maximum values obtained for fiber and toner recovery under the tested conditions
in the presence of calcium chloride, it can be concluded that the optimal toner flotation time is 2
minutes. With increasing flotation time, toner recovery remains constant while fiber recovery
decreases. The analysis of the results can confirm the statement of many researchers [11,13,
14]that with the increase of alkalinity under optimal conditions in the flotation process the
efficiency of the toner particles flotation also increases.Comparing with the results obtained in
the experiments without the addition of calcium ions [15], may say that the addition of CaCl; has
an effect on the toner flotation. At the shortest flotation time at all pH values, without the
addition of calcium ions, the toner recovery was less than 60 % except at pH 9, and with the
addition of calcium chloride toner recovery was over 66 %. Fatty acid and calcium soap are good
combination of reagents because of their mechanism. Primary mechanisms imply calcium soap
precipitation which creates a layer around the toner particles through a hetero-coagulation
mechanism, followed by a bubble-ink capture step [14].
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4. CONCLUSION

The paper describes influence of calcium ions under different conditions on deinking flotation
process. Previous flotation experiments were performed at different pH values using only oleic
acid as a collector. In this research experiments were done with addition of CaCl, and by
analysis the toner and fiber recovery, it has been confirmed that the calcium has a positive effect
on deinking flotation of offset paper. It showed that the addition of calcium ions reduces the
flotation time at alkaline conditions. In experiments performed without the addition of calcium
ions, toner and fiber recovery over 90 % was not achieved. Addition of calcium ions achieved a
toner and fiber recovery greater than 90 % at shorter flotation time.
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