Advances in Bioresearch
Adv. Biores., Vol 6 (5) September 2015: 204-210 ghhan[eg
©2015 Society of Education, India ,

Print ISSN 0976-4585; Online ISSN 2277-1573 m
Journal’s URL:http://www.soeagra.com/abr.html ,
CODEN: ABRDC3 %[urggear[b

ICV 7.20 [Poland]

ORIGINAL ARTICLE

The Impact of Furnish Type and Chemical Dosage on the Optical
Properties of Recycled Paper

Shademan Pourmousa
Department of Wood and Paper Science and Technology, College of Agriculture and Natural resources,
Karaj Branch, Islamic Azad University, Karaj, Iran.
Corresponding Author: Sh.Pourmousa@gmail.com or, Sh.Pourmousa@Kkiau.ac.ir

ABSTRACT

The present study focused on how the appearance and optical properties of deinked recycled paper were affected by
different raw materials (such as chemical and mechanical waste paper sorted), as well as by the dosages of the deinking
and bleaching chemicals. In the laboratory, a flotation deinking and bleaching system was used. The results indicated
that, according to the brightness and dirt index, the optimum condition to achieve 95% chemical waste paper + 5%
mechanical waste paper is the application of a flotation and bleaching chemical composed of 0.5% NaOH + 0.5% HzO.
The specific conditions for the combination of 90% chemical and 10% mechanical waste paper are flotation with a
composition of 0.5%NaOH + 0.5%H:02 and bleaching with a composition of 0.5% NaOH + 1% H:0.. The optimum
combination level for solutions of 85% chemical + 15% mechanical waste paper was found to have a flotation
composition of 1%NaOH +1%H:0: and bleaching composition of 0.5%NaOH +0.5%H:0. The optimum combination level
for 80% chemical + 20% mechanical waste paper was found to be flotation with a composition of 1% NaOH + 1% H:0;
and bleaching of 1% NaOH + 1% Hz02With increasing of mechanical waste paper ratio in furnishes, the flotation and
bleaching should be applied with higher consumption of chemicals. The other combinations of these furnishes can be
applied to products with lower brightness and upper degree of dirt index.
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INTRODUCTION

The steady and continuing efforts to preserve forest resources, as well as to reduce the cost of municipal
waste disposal, have sparked an increase in the recovery of waste papers and their utilization in paper
production. Consequently, recycled paper has become an important source of fibers in the development
of papermaking [1-4].Furthermore; the application of recycled paper provides both environmental and
operational benefits, compared to the cost of virgin pulp production. Pulp production from recycled paper
requires less energy and fewer chemicals compared to the production of an equivalent volume of virgin
pulp [5].

Paper recycling to produce deinked pulp consists of three main unit operations: pulping, flotation
deinking, and bleaching. First, the recycled paper should be slushed in water to produce a uniform fiber
suspension, with the ink and dirt particles dispersed as much as possible. The chemicals are added to the
pulper to prepare the pulp for flotation deinking. Then, during the flotation deinking stage, the ink
particles are separated from the suspension. An increase in the pulp brightness, coupled with an
elimination of ink particles, takes place during the deinking stage [5]. Even though the unit operation in
the deinking system seems simple, many factors, such as fiber furnish type and chemical management;
impart significant effects on the performance of the system.

Different research groups have studied the effect of the furnish type, chemicals, and deinking process
parameters on the quality of the final deinked pulp[6-17]. In this respect, different chemicals (H20,
NaOH, Na;SiOs3, soaps, etc.) are injected either into the flotation cell or at other points up to the bleaching
stage. However, in newer systems, chemicals are added during the dispersing and bleaching stages.
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Recently, there has been a rapid increase in the utilization of prime quality recycled paper.

Consequently, the shortage of such recycled papers has forced the papermaking industry to divert its raw
material chain toward mixed recycled paper that contains both chemical and mechanical fibers, which
exhibit different behaviors during the deinking and bleaching phase. The new systems and equipment
have facilitated the processing of the mixed recycled paper; however, many machines fail to reach an
appropriate combination of furnish type and chemical dosages. Furthermore, the additional points
necessary to achieve the best results and overcome operation obstacles are still lacking. In such practices,
two additional points are usually used in hydrogen peroxide injections: one procedure is based on split
hydrogen peroxide addition used in both before flotation and bleaching, and in the second procedure,
hydrogen peroxide is added in the final bleaching stage. Each procedure has advantages and
disadvantages. If hydrogen peroxide is added at prior to flotation, the machinery is safer and the shives
content of the pulp is lower. Additionally, the pulp’s yellowness is strongly controlled, but chemical
consumption will be higher compared to the procedure in which hydrogen peroxide was added during
the bleaching stage. The weaknesses of the second procedure lay in the difficulties in controlling the
brightness, as well the reduction of the fine dirt particles in the final pulp. When a higher portion of the
mechanical waste paper is used, obtaining a higher degree of brightness becomes increasingly more
difficult.
Therefore, the objective of this research was aimed at finding a suitable solution to the utilization of
mixed recycled paper, including the combination of chemical and mechanical recycled papers, which
suggest the appropriate dosages of the chemicals and the injection points in the process. Based on the
laboratory scale of results, the researchers can propose the optimization solution for applied goals.

MATERIAL AND METHODS

The recycled papers containing mechanical (MWP) and chemical waste papers (CWP) were collected
from a local tissue paper producing company, operating its own deinking plant. Five different
combinations of the recycled papers were prepared, as defined in Table 1. All of the chemicals used were
industrial grade and supplied by the local tissue producing company.

Table 1. Deinking Furnish Composite and Related Optical Mixture Properties as control samples

Item CWP (%) MWP (%) Brightness (%) Yellowness Dirt index
(%) loop evaluation
1 95 5 81.442 -28.842 13
2 90 10 79.92b -21.400b 12
3 85 15 71.82¢ -12.34¢ 11
4 80 20 65.284 -7.024 10
5 75 25 61.24¢ -1.34e 10

First, each furnish mixture was slushed in tap water and mixed for 4 min at 5% consistency using a
laboratory pulper. The pulping temperature was 45 °C, and the associated pH level was 6.8 to 7.3 (Table
2). After the slush, the suspension was discharged into a plastic container, and the required chemicals
were added to the suspension. The suspension was left at an ambient temperature for 30 min prior to
flotation to allow the chemicals to react.

The flotation deinking process was carried out using a laboratory flotation cell. The flotation parameters
and chemical dosages are shown in Table 2. As the froth gathered, it was carefully collected from the top
of the flotation using a special low flow and low-pressure pump. Flotation was followed by a washing
stage at 1% consistency, using a 120 mesh screen and fresh tap water. Four different chemical charges
were used for each chemical strategy (Table 2).

The washed, deinked pulp was bleached in a thermally controlled container (bleaching conditions
outlined in Table 2), and the bleached pulp was thoroughly washed with tap water. Finally, the pulp was
manually dewatered, stored in plastic bags, and refrigerated until used for hand sheet preparation. Three
replications were conducted for each pulping, deinking, and bleaching trial. Each kind of pulps that
combined different chemical and mechanical waste paper ratio, deinked through one of flotation
condition. After sampling and recognizing the optical properties of hansheets, all of the bleaching
treatments were run separately after each flotation and the hand sheets tested.
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Table 2. Pulping, Deinking, and Bleaching Process Variables

Process variables H20: NaOH DTPA Temp. Cons. Time pH
Unitoperation  (%)*  (&)*  (%)* (O (%)  (min)

Pulping - - - 45 5 5 6.8-7.3
Flotation: F1 0 0.5 - 40-45 1 15 9-9.2
Flotation: F2 0.5 0.5 0.3 40-45 1 15 9-9.2
Flotation :F3 0 1 - 40-45 1 15 9-9.2
Flotation :F4 1 1 0.3 40-45 1 15 9-9.2
Bleaching :B1 0.5 0.5 - 75-80 25 40-45 11-11.2
Bleaching :B2 1 0.5 0.3 75-80 25 40-45 11-11.2
Bleaching :B3 0.5 1 - 75-80 25 40-45 11-11.2
Bleaching :B4 1 1 0.3 75-80 25 40-45 11-11.2

*Based on oven dry weight of the paper; 1% Na2SiO3 was applied in all deinking and bleaching trails;
0.7% soap was used in all deinking and bleaching trails.

Handsheets of 60 g/m? were prepared during each stage of pulping, deinking, and bleaching. Replication
was conducted according to TAPPI test method 205.0m-88. Handsheets were stored at 65% relative
humidity and 21 °C prior to testing.

The brightness and yellowness of the hand sheets were measured as defined in the TAPPI standard test
method T452.0m-98. The dirt index was evaluated using the loop mechanism as a quality method, on a
scale ranging from zero (worst) to 20 (best). Three measurements were done for each property, and the
average was recorded.

ANOVA analysis was used to determine the impact of the variables on the measured properties. All
statistical tests were conducted at a confidence level of 95%. In case a difference was observed between
the averages, the Duncan Multiple Range Test was used to group the averages.

RESULTS AND DISCUSSION

Paper recycling, particularly the deinking of recycled papers, necessitates the application of papers
containing higher percentages of mechanical fibers, especially in tissue production. Of course, the
utilization of such fibers both imposes restrictions and provides advantages. The water absorption
capacity of mechanical fibers is superior to that of chemical fibers, which helps to improve the absorption
capacity of the final product. However, the brightness of mechanical fibers is usually low (Table 1) and to
reach the required brightness in the final product, mechanical fibers become harder to bleach. Therefore,
more bleaching chemicals are needed.

Hydrogen peroxide is most the common bleaching agent used in the prior and final bleaching of deinked
pulp. When subjected to alkaline conditions, hydrogen peroxide decomposes and generates perhydroxyl
anions (HOO), which are the active agents in the bleaching process and in turn increase the brightness of
the mechanical fibers. However, the additional charge of the hydroxide peroxide will minimize the
effectiveness of the chemical, and the final brightness may decrease. Therefore to reach the required
efficiency of hydrogen peroxide at the bleaching stage, precautions must be implemented to find the
appropriate chemical dosages [18]. The use of stabilizers such as DTPA, capable of inhibiting the
decomposition of Hydroxide peroxide compounds cased the brightness of waste paper pulp to increase
[11]. Alkaline additives, especially sodium hydroxide are common chemicals for repulping and deinking
of waste paper. Sodium hydroxide improves the swelling of fiber, saponifying and dissolving the carrier
parts of ink and pigments easily release from fiber [17]. The injection of hydrogen peroxide to flotation
cell increase the brightness, improve the yellowness and decrease the ink dirt on hand sheets.

Figures 1 to 5 show the results of different deinking and bleaching trials as applied to different
combinations of recycled paper furnishes. First, the recycled pulps were deinked, applying the chemicals
and conditions mentioned in Table 2 (Figs. 1 to 3 based on Averages+SD). Then, the deinked pulps were
bleached, using the conditions specified in Table 2 (Figures 4 to 6). The results indicated that as the ratio
of mechanical papers in the deinking furnish increased, brightness of the deinked and bleached pulp
decreased. However, for any given furnish, if the hydrogen peroxide was charged in the flotation cell, a
higher brightness level was reached. Additionally, if a higher charge of combined deinking and bleaching
chemicals was added to the recycled paper, 1% NaOH + 1% H;0, compared to conditions of 0.5% NaOH
+0.5% H:02), a higher brightness level was achieved.

The optimum brightness of deinked pulp to be used for facial tissue production is approximately 88%-
90% ISO. The initial brightness for 95% chemically recycled paper is usually high and near to acceptable.
Therefore in this particular case, the bleaching ought to eliminate the darkening caused by the ink.
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However, the critical point for determining the optimum dosages of chemicals is related to the
elimination of dirt, ink, and other fine contaminants.

As the ratio of mechanical papers to furnish increased, the initial brightness of the pulp suspension was
reduced (Table 1), and the combination of hydrogen peroxide and sodium hydroxide at both the
floatation and bleaching stages improved final brightness. When the ratio of mechanical paper was
increased to 20%, the final brightness of the produced pulp, regardless of any additional chemical
combinations, did not improve the brightness of the bleached pulp to the degree required for facial tissue.
However, such pulp can be used for lower grade products, such as toilet paper.

The applied deinking and bleaching conditions improved the yellowness of the final pulps, and with
higher dosages of hydrogen peroxide, yellowness was more diminished. However, when hydrogen
peroxide consumption exceeded a certain level, the yellowness of the final products decreased because of
more alkaline conditions and alkali darkening [19] Lignin is sensitive to higher pH, and since mechanical
paper contains more lignin than does chemical paper, furnishes containing high ratios of mechanical
pulps can be extremely vulnerable to alkali darkening. However, with increasing dosages of hydrogen
peroxide, the yellowness of furnishes with 100% chemical papers was improved (Figure 2 and 5).

The limits of yellowness for tissue products generally range from -13 to -16 % ISO. Therefore based on
industrial practices, furnishes containing more than 15% mechanical paper will not meet the
requirement, and higher dosages of chemicals must be applied.

Dirt and specks are the major contaminants that cause adverse effects to the quality of tissue products.
Therefore, in any deinking and bleaching process for re-use of recycled paper, the elimination of these
undesired contaminants and improvement in the appearance of the final product is essential. The dirt
count showed that after deinking, the residual pigments and ink particles still remained in furnishes.
Sodium hydroxide is used to reduce the bonding strength between fibers and inks, as well as to separate
ink particles from fibers. A higher charge of sodium hydroxide peroxide breaks the ink particles into
smaller sizes. The dirt index was evaluated here using a quality control method called the loop
mechanism; therefore, a statistical analysis of the treatments was not done. In this method, the deinking
was considered efficient if the treatment scored above a 20 in terms of quality evaluation.

The governing factors of accepting the appearance of a product produced using waste paper are the
combination of suitable brightness and the dirt index. The yellowness measurement showed that due to
the presence of lignin in the mechanical paper, the yellowness of the final products was at an acceptable
level. Of course, this property can be affected by unbalanced chemical usage. However, applying flotation
and bleaching chemicals with a composition of 0.5% NaOH + 0.5% H;0; would achieve optimized
conditions for the brightness and dirt index of 95% chemical + 5% mechanical waste paper. The proper
condition for the combination of 90% chemical +10% mechanical waste paper is flotation with a
composition of 0.5% NaOH + 0.5% H;0; and bleaching with a combination of 0.5% NaOH + 1%H30,. The
optimum combination level for 85% chemical + 15% mechanical waste paper was found to be flotation
with a composition of 1% NaOH + 1% H;0; and bleaching of 0.5% NaOH + 0.5% H;0,. The combinations
of the other furnishes cannot be applied for facial tissue products because of lowered brightness and an
unacceptable degree of dirt index. This investigation proposed that these furnishes should be used as
toilet paper or other colored products (Figs. 3 and 6). In Table 3, the suitable combination of chemical
usages and the kind of waste papers are shown.

Table 3. Recommended Combination of Chemical Dosages and Furnishes to Produce Deinked Pulp for
Tissue Paper Production

Furnish Dirt index Brightness Yellowness Recommendation

95%CWP+5% MWP (F2B1 -B4, F3B3-B4, F4, F4B1-B4)  OK F3Bs is suitable as economically aspects.
90% CWP +10% MWP (F2B2, F2B4) OK F2B: is suitable

85% CWP +15% MWP (F4Bs, F4B4) OK F4Bs is suitable

80% CWP +20% MWP  (F2Bs4, F4B4) NOK NOK F2Bs and production of color products
75% CWP +25% MWP F:By, FiB1, FaBs  NOK NOK
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295% CWP+5%MWP
=80% CWP+20%MWP

®90% CWP+10%MWP
= 75% CWP+25%MWP

= 85% CWP+15%MWP

Brightness: %ISO

Pulping

0.5%NaOH

0.5%NaOH+ 0.5% H202

Pulping and Flotation Conditions

1%NaOH

1%NaOH +1% H202

Fig. 1. Influence of the furnish type and chemical dosage on the brightness of the deinked pulp after

flotation
®95% CWP+5%MWP  m90% CWP+10%MWP  m85% CWP+15%MWP
H80% CWP+20%MWP  B75% CWP+25%MWP

- Yellowness:%ISO

Pulping

0.5%NaOH

0.5%NaOH+ 0.5% H202

Pulping and Flotation Conditions

1%NaOH

1%NaOH +1% H202

Fig. 2. Influence of the furnish type and chemical dosage on the yellowness of the deinked pulp after

flotation
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Fig. 3. Influence of the furnish type and chemical dosage on the dirt count of the deinked pulp after
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Fig. 4. Influence of the furnish type and chemical dosage on the brightness of the deinked pulp after
special flotation
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Fig. 5. Influence of the furnish type and chemical dosage on the yellowness of the deinked pulp after
special flotation
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Fig. 6. Influence of the furnish type and chemical dosage on the dirt count of the deinked pulp after
special flotation

CONCLUSIONS

The economic and environmental aspects of recycled paper deinking and bleaching emphasize a lower
consumption of alkali and other chemicals. Otherwise, the higher mass of the cell walls would be
dissolved, which would result in a lower yield and higher pollution load in plant effluent. The types of
furnish and dosages of chemicals are critical during flotation deinking. If suitable combinations of
furnishes and chemicals are applied, then the best outcome, both in quality and cost, will be reached. The
types of furnish and dosages of chemicals affected the substance’s overall brightness and yellowness. The
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combination of brightness and dirt count are factors that influence the acceptance of facial tissue
products. However, for the production of color products, neither of these factors is important. When the
mechanical waste paper ratio exceed at furnish, for reaching the higher brightness and lower dirt count
should be increased the chemicals at flotation and bleaching stages. The produced materials reached
optimum quality after flotation with 0.5% NaOH + 0.5% H»0; and bleaching with a composition of 0.5%
NaOH + 0.5% H:0,. Flotation with 1% NaOH + 1% H;0, may also be used alone for 95% chemical
+5%mechanical waste papers. For other furnishes, the presence of hydrogen peroxide during the pulping
and bleaching stages was necessary. The author proposed the extended bleaching idea for pulping or
flotation stage and bleaching area. Meanwhile the considering secondary flotation cell after the bleaching
stage can be affective at increasing the brightness and decreasing the dirt count [20]. Applying the
disperser technology combined the secondary flotation [21-22]

ACKNOWLEDGMENTS
The author appreciates the financial support provided by Islamic Azad University, Karaj Branch, Karaj,
Iran.

REFERENCES

1. Nie, X, and Miller, J. D. (1997). “The effect of the ink types and printing processes on flotation deinking,” TAPPI
Proceeding, Recycling Symposium, 131-147.

2. Nie, X, Miller, ]. D., and Yeboah, Y. D. (1998). “The effect of the ink types and printing processes on flotation
deinking efficiency of waste paper recycling,” Environmental Engineering and Policy, 1(1), 47-51.

3. Bajpai, P. K. (2010). “Solving the problems of recycled fiber processing with enzymes,” Bio Resources 5(2), 1311-
1325.

4. Pathak, P, Bhardwaj, N. K,, and Singh, A. K. (2011). “Optimization of chemical and enzymatic deinking of
photocopier waste paper,” Bio Resources 6(1), 447-463.

5. Costa, C. A, and Rubio, J. (2005). “Deinking flotation: Influence of calcium soap and surface-active substances,”
Mineral Engineering 18(1), 59-64. DOI: 10.1016/j.mineng.2004.05.014

6. McCormick, D. (1990). “Chemistry of flotation and washing for deinking newsprint,” Pulping Conference
Proceedings, Oregon, USA, 357-363.

7. Van Lierop, B, Liebergott, N., and Faubert, M. G. (1993). “Using oxygen and peroxide to bleach Kraft pulps,” 79th
CPPA Annual Meeting Preprints, Montreal, p. B81.

8. Ackermann, C. (2000). “Bleaching of deinked pulp. In,” Papermaking Science and Technology Series Book 7:
Recycled fiber and deinking, Helsinki, Finland, Fabet Oy, p. 307.

9. Bajpai, P. K. (2005). “Chapter 3: Options for environmentally benign bleaching,” Environmentally Benign
Approaches for Pulp Bleaching, Springer, Netherlands, p.277.

10. Ruzinsky, F., and Bennington, C. P.]. (2005). “The attachment force of ink to paper in paper recycling operations,”
TAPPI Journal 4(4), 15-22.

11. Holic, H. (2006). Handbook of Paper and Board, Wiley-VCH, Regensburg, Chapter 7, p. 505.

12. Kopania, E., Stupinska, H., Paleinik, ]. (2008). “Susceptibility of deinked waste paper mass to peroxide bleaching,”
Fibress and Textiles in eastern, 16(4; 69), 112-116.

13. Akbarpour, I, Ghaffari, M., Ghasemian, A. (2013). “Deinking of different furnishes of recycled MOW, ONP, and
OMG pulps in silicate-free conditions using organic complex of PHASS,” Bio Resources, 8(1), 31-44.

14. Hietanen, T. M., Osterberg, M., & Backfolk, K. A. (2013). Effects on pulp properties of magnesium hydroxide in
peroxide bleaching. Bio Resources, 8(2), 2337-2350.

15. Meng, Q, Wan, ], Ma, Y., & Wang, Y. (2013). Effects of different deinking processes on fiber morphology,
hydrogen bond models, and cellulose supramolecular structure. Bio Resources, 8(2), 2398-2416.

16. Yun, N.,, & He, B. (2013). Mg(OH)2 based hydrogen peroxide bleaching of deinked pulp. Bio Resources, 8(3),
4609-4618.

17. Pesman, E., Imamoglo, S., Kalyoncu, E. E., and Kirci, H. (2014). “Effects of sodium per carbonate and per borate
usage on pulping and flotation deinking is stead of hydrogen peroxide ,” Bio Resources 9(1), 523-536.

18. Garver, T. M., Deborah, H., and Woolly, ]J. (2000). “Measurement and control of peroxide bleaching indicator,” US
patent 6023056.

19. Ferguson, L. D. (1992). “Deinking chemistry: Part 1,” TAPPI Journal 75(1), 75-83.

20. Gao, Y. Qin, M., Yu, H,, & Zhang, F. (2012). Effect of heat-dispersing on stickies and their removal in post-flotation.
Bio Resources, 7(1), 1324-1336.

21. Lee, H. L, & Kim, J. M. (2006). Quantification of macro and micro stickies and their control by flotation in OCC
recycling process. Appita journal, 59(1), 31.

22. Sarja, T, MacNeil, D., Huber P., & Niinimaki, J. (2007).Removal of stickles in flotation, Progress in Paper Recycling
16(3), 5-11.

ABR Vol 6 [5] September 2015 210|Page ©2015 Society of Education, India



