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Abstract:

The history of paper recycling or recovering it for reuse dates to late 1600s to early 1700s. Today, the 
recycled pulp is a major raw material with a production volume of around 277 million tons and utilization 
rate of over 60%. The RP can be categorized majorly into four grades. They are: Mixed grades, Old 
Corrugated Containers (OCC), Newsprint & Magazines (ONP& OMG), and High-grade deinking and 
pulp substitutes. Recovered paper is a mix of non-homogenous paper grades, fibers, pigments, binders, 
additives, and other components. The key aim of RP processing is to separate the components and treat 
the fibres to restore/improve their quality. The major objective of stock preparation processes is to separate 
the contaminants and debris from fibers. The separation processes consist of screening, centrifugal 
cleaning, flotation, and washing of slushed & deflaked pulp suspension. Contaminants free washed pulp 
is suspension is dewatered by filtration and mechanical pressing processes. Finally, the pulp is bleached 
as required and refined to improve the key fiber properties before the papermaking process. 

Production of recycled pulp from recovered paper is a sustainable but complex process. Understanding 
the material science physico-chemical properties, process technology, and design principles helps us 
to strategize, create, finalize, and implement process layouts for recycled paper grade specific process 
design, optimization, and operations at scale.
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BACKGROUND:

The history of paper recycling or recovering it for reuse dates to late 1600s to early 1700s. Initial recycling plants emerged in 
Europe focusing on utilizing recycled fibers from rags and linen scraps. The key innovation that gave a momentum to paper 
recycling include ink extraction, deinking process, and conversion paper into pulp. Industrialization fueled growth of recycling 
centers and the first carboard boxes were introduction into the market in early 1990s. By 20th century, sustainable consumerism 
and technology developed gained traction leading to recycled paper as a major raw material for the papermaking industry.

Recovered Paper – Basics and Terminologies:

Recovered paper (RP) is the globally most important paper and board raw material. In 2024, the recovered paper volume 
was 277 million tons and the utilization rate of over 60%. In the context of India, 70-75% of paper and paperboard consumed 
use recycled grade raw material. India domestic demand for recovered paper is estimated to be around 20 million tons/a of 
which 40% requirement is imported from abroad. The RP can be categorized majorly into four grades. They are: Mixed grades, 
Old Corrugated Containers (OCC), Newsprint & Magazines (ONP& OMG), and High-grade deinking and pulp substitutes. The 
legislation focus on recycling has radically changed from seeing waste as a problem to managing it as a valuable sustainable 
raw material for reuse and recycling.

Recovered Paper – Collection, Sorting, and Quality:

In general RP is collected through household and industrial & business systems. The collection of RP from industrial and 
business sources is relatively easy to arrange, relatively clean, homogeneous, and economical. Depending on the origin of the 
collected RP, a clear distinction is made between pre- and post- consumer recovered paper and collection systems are designed 
accordingly. Sorting of collected paper comprises of manual and automated processes. Automation aids the sorting process 
efficiency and product quality analysis. Knowledge of RP storage facility gives us an understanding of raw material quality 
degradation over time.

Recyclability of Paper and Boards:

Recycling means the reuse of material to reproduce a similar material. The latest study has basically clearly shown that the pulp 
itself allows 25 cycles of recycling without any problems. Good recyclability requires benign chemicals in the RP which will not 
impact papermaking water loops, ease of processing to remove the non-paper and unwanted materials & components, and 
environmentally non-harmful sludges and residues. Paper and board intended for contact with foodstuffs must not represent 
any risk to consumer health.  Deinking is the most important process stage in the processing of recovered paper to produce 
Deinked pulp (DIP). Another important product-related quality aspect of a DIP pulp is the removability of adhesive applications 
through mechanical screening processes.

Unit operations in Recycled Fiber Processing:

Recovered paper is a mix of non-homogenous paper grades, fibers, pigments, binders, additives, and other components. 
Consequently, the mixture must treated by various methods to meet the quality criterial for the paper (or) Paperboard to be 
produced. The key aim of RP processing is to separate the components and restore/improve the quality of fibers. The major 
objective of stock preparation processes is to separate the contaminants and debris from fibers. The separation processes consist 
of screening, centrifugal cleaning, flotation, and washing of slushed & deflaked pulp suspension. Contaminants free washed 
pulp is suspension is dewatered by filtration and mechanical pressing processes. Finally, the pulp is refined to improve the key 
fiber properties before the papermaking process. 

The mechanism and particle characteristics of separation process unit operations are given in Table 1:

 

Process Principle Particle characteristics 
utilized for separation Remarks 

Screening Passage through apertures (Typically 
small slots or holes) and separation of 
passing particles from retained 
particles. 
Some screening methods involve 
circular motion or vibrations to aid 
separation process. 

Size, form and shape, 
deformability 

Type of screens:  
- Based on contaminants 

(Pressure, Coarse, and 
Fine) 

Separation Technology: Pressure, 
Rotary, vibrating, and centrifugal 

Centrifugal Cleaning Acceleration in centrifugal field and 
separation of heavy - weight from 
light- weight fraction 

Specific gravity, size and 
shape 

Types: 
Decanter Centrifuge 
Disc stack Centrifuge 
Scroll Separators 
Hydrocyclones 

Flotation Attachment of hydrophobic particles 
to air bubbles and separation of foam 
Probability based stages – collision, 
attachment, stability, and transport 
with foam 

Surface properties and 
size 

Variable features in flotation cells: 
aeration stages, type of air supply, 
foam removal methods, secondary 
flotation stage, closed or open cells, 
cell design and arrangement 

Washing Dilution to low consistency and 
passing of fine particles through small 
apertures (typically wire mesh) 

size Types: Drum filter, Disk filter, Belt 
filter, Belt pressure filter, Twin wire 
press, Screw press, and Belt washer 

Fractionation See screening Size, geometry (length), 
flexibility 

 

Table 1: Classification of separation processes 

 

Recycled Pulp – Deinking and Bleaching Chemistry  

Deinking Chemistry: 

To ensure a high recovered paper recycling, it is not only necessary to remove the non-fibrous 
materials, like wood, plastic, and metals, but remove printing inks thoroughly and completely. The 
objective of deinking chemistry is to facilitate the detachment of ink from fibers and ensure ink 
removal. Two methods are used to remove detached inks: flotation deinking and washing. 

The most common process used today is flotation deinking. In flotation deinking, the hydrophobic ink 
particles are attached to injected air bubbles. The loaded air bubbles rise and create a foam carpet in 
the floatation cells, which is then removed from the process. For the right sized printing ink particle 
to attach to the air bubble, they must be completely detached from the fibers.  

The successful use of deinking chemistry depends on several parameters, some of the key ones are 
described below: 

Recovered fiber grade: The RP grade must be selected with a view to obtain the desired quality 
of the deinked pulp. One example is the production of DIP for newsprint. To achieve the 
brightness (>59%) and ash (around 15%) of newsprint furnish, the suitable raw material is 
obtained from household collection after sorting. 

Type of Ink: Printing inks can be broadly classified into two categories: water-based and oil-
based inks. Water-based inks, used in flexo and inkjet printing, have hydrophilic surface which 
cannot attach to air bubbles. On the other hand, oil-based inks can be effectively removed by 
flotation as they have a hydrophobic surface, and it produces a clear or slightly cloudy 
filtration water. 

Age of RP: Fresh RP printing ink can be detached easily compared to older RP since the binders 
in older RP after curing are strongly bound to fibers, and hence, difficult to detach. The 

Table 1: Classification of separation processes
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obtained from household collection after sorting. 

Type of Ink: Printing inks can be broadly classified into two categories: water-based and oil-
based inks. Water-based inks, used in flexo and inkjet printing, have hydrophilic surface which 
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RECYCLED PULP – DEINKING AND BLEACHING CHEMISTRY 

Deinking Chemistry:

To ensure a high recovered paper recycling, it is not only necessary to remove the non-fibrous materials, like wood, plastic, and 
metals, but remove printing inks thoroughly and completely. The objective of deinking chemistry is to facilitate the detachment 
of ink from fibers and ensure ink removal. Two methods are used to remove detached inks: flotation deinking and washing.

The most common process used today is flotation deinking. In flotation deinking, the hydrophobic ink particles are attached to 
injected air bubbles. The loaded air bubbles rise and create a foam carpet in the floatation cells, which is then removed from the 
process. For the right sized printing ink particle to attach to the air bubble, they must be completely detached from the fibers. 

The successful use of deinking chemistry depends on several parameters, some of the key ones are described below:

Recovered fiber grade: The RP grade must be selected with a view to obtain the desired quality of the deinked pulp. One 
example is the production of DIP for newsprint. To achieve the brightness (>59%) and ash (around 15%) of newsprint furnish, 
the suitable raw material is obtained from household collection after sorting.

Type of Ink: Printing inks can be broadly classified into two categories: water-based and oil-based inks. Water-based inks, used 
in flexo and inkjet printing, have hydrophilic surface which cannot attach to air bubbles. On the other hand, oil-based inks can 
be effectively removed by flotation as they have a hydrophobic surface, and it produces a clear or slightly cloudy filtration water.

Age of RP: Fresh RP printing ink can be detached easily compared to older RP since the binders in older RP after curing are 
strongly bound to fibers, and hence, difficult to detach. The summer effect phenomena in which older RP are used due to 
shortage of fresh availability stock leads to quality drop in DIP pulp

Chemistry: 

Deinking: The ink detachment occurs in pulping. Energy introduced in the pulper or drum helps to disintegrate the fiber stock 
by shear and friction forces. Dosing of deinking chemicals promotes the detachment of ink from the fibers. For this purpose, 
three chemical additives are dosed in to the pulping unit. They are: caustic soda, silicate, peroxide.  In addition, fatty acids make 
up the largest group of collectors. Additives, like complexing agents, enzymes additives, and glutaraldehyde are required to be 
dosed appropriately for metal complexation and microbial treatment.

Washing: The goal of pulp washing is to eliminate the particles smaller than 30 microns. The discharge of contaminant in ‘Vario-
Split’ unit, dewatering by pressure exerted on the suspension by the wire, can be improved by using a synthetic surfactant. 
Anionic or non-ionic surfactants are used as synthetic surfactants and usually dosed into the pulping unit. It is important that 
the surfactants do not have any negative effect on water treatement.

Process and equipment technology: The deinking plants should be run within their designed production capacity with enough 
retention time and appropriate consistencies in flotation (< 1.3%). Modern deinking plats are often designed with a two loop 
system, pre- and post-flotation with washing and thickening. In case of single stage unit operations, the flotation must be 
perfectly adjusted to guarantee complete deinking.

Bleaching Chemistry: 

Bleaching is an important and vital process to augment brightness and improve the optical characteristics of the deinked pulp. 
Different types of bleaching chemicals and processes are used for bleaching deinked pulp. Some of the chemicals used are 
hydrogen peroxide, sodium dithionate, chlorine dioxide and sodium hypochlorite. Chlorine-based chemicals are used only in 
the bleaching of wood free pulp. Oxygen bleaching combined with peroxide has become common specifically in the processing 
of mixed office paper. The choice of bleaching chemicals and process depends on the quality of the recovered paper.

Recycled Fiber Manufacturing for Papermaking – An Overview
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In case of wood containing DIP, a key objective is to compensate any yellowing of fibres due to natural aging, influenced by 
light heat and alkaline pulp conditions. Peroxide (1% – 2%) is frequently used as an oxidizing agent in wood containing DIP. In 
case of colored recovered papers, reductive post bleaching is necessary to reduce color shades. The bleaching process in this 
case consist of peroxide and dithionite (or) peroxide and Formamidine sulfinic acid (FAS).

With regards to wood-free DIP, it is usually treated with chlorine containing bleaching chemicals, such as, chlorine, chlorine 
dioxide, or sodium hypochlorite. When the proportion of mechanical pulp is less than 5%, high brightness is achieved and dyes 
are effectively destroyed. Chlorine containing chemicals are being replaced with Oxygen and peroxide combinations at bulk 
scale. Ozone has not penetrated due to cost efficiencies and strength reduction due to depolymerization of pulp. Additives like 
water glass and chelating agents are added to peroxide bleaching stabilization, buffering, and better washing efficiency.

Process parameters such as stock consistency, temperature, reaction time, and chemicals used considerably influence the 
bleaching efficiencies.  Higher consistencies (25% -30%) gives higher reaction rates due to better contact and reduction of 
dissolved contaminants. Higher temperatures (40 °c – 70 °c) are used accelerate the reaction with a typical retention time of 1 
to 3 hours. Alkali activation is also optimized by using sodium hydroxide chemical. The dosage points of chemical addition can 
be during disintegration, storage tower, dispersion stage after deinking, or post bleaching at the end of stock processing line. 

For the dithionate - Formamidine Sulfinic Acid (FAS) bleaching, due to higher kinetic reaction rate, the reaction times are 
shorter. Higher temperatures (>60 °c) enhances diffusion of chemicals. The consistency at this bleaching stage is 3% to 5%. With 
fluidizing MC pumps introduction, the consistencies have increased to 10 % - 15%. This stage becomes important when color 
correction by stripping dyes is necessary in addition to fibre brightening. Optimum bleaching efficiencies are achieved at a pH 
range of 6-7.

In case of FAS bleaching, the reacing temperature is an effective process control parameter. Increase of temperature from 40 
°c to 60 °c doubles the reaction rate to wood – free DIP for a reaction time of 30 min. At lower temperatures, higher retention 
times gives better bleaching efficiency. Under optimum bleaching conditions, the pH drops from 9 to 7-8. Dosages need to be 
monitored to avoid yellowing of pulp.

Oxygen bleaching helps to improve the optical characteristics of DIP.  Oxygen is weak electrophilic due to low oxidation and 
reduction potential. Hence, temperature (80 °c ) or sodium hydroxide activation is critical to enhance the ionization of functional 
groups and effective bleaching efficiency. Process parameters for oxygen bleaching for optimal efficiencies are: gas pressure 
3- 6 bar, consistency – 10% to 15%. Reaction time of 30 – 60 min, and temperature of 100 °c.

Bleaching of DIP can be single stage or multistage process depending on the final product requirements. 

Process water Treatment:

With increased mill water circulations, the purification of process waters in recovered paper process has increased significantly 
in the last two decades. Process water treatment has three major objectives: supplying process water with low solids content, 
recovering raw materials specially fibers, and reducing the content of detrimental substances in process water. Microflotation 
(dissolved air floation) is frequently used for process water treatments. Conventional filtration using drum, disk or pressure filters 
is employed for fibre recovery. The demands for the quality of clarified water depend on the end use of water. Sedimentation, 
filtration, and dissolved air floation technologies are employed to recycle and reuse water into the process. Additives like 
biocides, defoamer, and ozone are used for physico-chemical and biological water treatments. Stickies detackfication is achieved 

  "white" system "Brown" System 

Quality Targets Optical Properties Stickies 

     - Brightness Flakes 

     - Dirt Specs Sand 

Stickies Fines 

Filler Content Filler content 

Process parameters related 

to runnability 

Suspended & colloidal solids suspended & colloidal solids 

chemical oxygen demand chemical oxygen demand 

cationic demand conductivity cationic demand conductivity 

pH Biological activity 

    

Table 1: Key Parameters for final pulp quality 

In designing a recycling fibre stock preparation process, meeting the technological and final product quality is 
the primary aim. Different process stages need to arrange with the understanding of the requirement based on 
rawmaterial and final pulp product quality. 

Process Stage Optical Cleanliness Debris & Stickies Filler Content 
Pulping 
 
Coarse cleaner 
Hole screening 
Flotation I 
 
Cleaner 
 
Slot screening 

Detachment and dispersion 
of ink particles 
 
Brightness increase,  
 
Dirt speck reduction 
 
 

Saving screenability, pre-
screening by preclean 
Heavy Particles 
Coarse flat debris 
Stickies reduction 
 
Fine sand and debris removal 
Stickies removal by finest 
slot width 

Filler enrichment by 
process water 
 
 
 
Filler removal 

Dispersion 
Bleaching (Oxidative) 
Flotation II 
 
 
Bleaching (reductive) 

Printing ink dispersion 
Brightness of fibres 
Brightness of specks 
dispersed residual ink 
 
Brightness/color 

Stickies dispersion 
 
Stickies reduction 

 
 
Filler reduction 

Table 2: Functions of main process stages 

To arrange the various process modules to design an optimum process, the key factors to be 
considered are: Quality targets, low investment costs, high operation efficiencies, and minimal 
wastages. Today, modelling and simulation tools can help to identify the cost-effective layout to each 
specific production line based on key design parameters mentioned in the following table. 

Key design data Capacity 
Yield 
Type/variety of RCF grade to be used 

Runnability Operational availability (over time) 
General Targets Specific effluent volume 

Overall specific energy demand (heat, power) 

Table 3: Key design parameters for stock preparation lines 

In the concept specific design development, the following general best practice rules can be followed 
for stock preparation process designing: 

- Process steps with similar consistency to be combined 
- Layout preferably with continuously decreasing consistency 
- Fragmentation of detrimental substances to be avoided. Efficiency of separation better with 

larger particle size which is preferably carried out at earliest stage possible 
- A countercurrent setup of stock and waterflows is recommended 

by minerals and polymers.

Design of Recycled Fiber 
Processes for different Paper and 
Board grades:

`Papermakers target three main 
objectives: Quality, Runnability, and 
Productivity. Taking into account 
the correlations between quality 
and runnability on one hand vs. 
rawmaterial and process design 
on the other, a distinction is made 
between graphical (White) grades 
and packaging (brown) grades.

Table 2: Key Parameters for final pulp quality
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Quality and runnability relationship to process design are given in Table 2:

In designing a recycling fibre stock preparation process, meeting the technological and final product quality is the primary 

  "white" system "Brown" System 

Quality Targets Optical Properties Stickies 

     - Brightness Flakes 

     - Dirt Specs Sand 

Stickies Fines 

Filler Content Filler content 

Process parameters related 

to runnability 

Suspended & colloidal solids suspended & colloidal solids 

chemical oxygen demand chemical oxygen demand 

cationic demand conductivity cationic demand conductivity 

pH Biological activity 

    

Table 1: Key Parameters for final pulp quality 

In designing a recycling fibre stock preparation process, meeting the technological and final product quality is 
the primary aim. Different process stages need to arrange with the understanding of the requirement based on 
rawmaterial and final pulp product quality. 

Process Stage Optical Cleanliness Debris & Stickies Filler Content 
Pulping 
 
Coarse cleaner 
Hole screening 
Flotation I 
 
Cleaner 
 
Slot screening 

Detachment and dispersion 
of ink particles 
 
Brightness increase,  
 
Dirt speck reduction 
 
 

Saving screenability, pre-
screening by preclean 
Heavy Particles 
Coarse flat debris 
Stickies reduction 
 
Fine sand and debris removal 
Stickies removal by finest 
slot width 

Filler enrichment by 
process water 
 
 
 
Filler removal 

Dispersion 
Bleaching (Oxidative) 
Flotation II 
 
 
Bleaching (reductive) 

Printing ink dispersion 
Brightness of fibres 
Brightness of specks 
dispersed residual ink 
 
Brightness/color 

Stickies dispersion 
 
Stickies reduction 

 
 
Filler reduction 

Table 2: Functions of main process stages 
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wastages. Today, modelling and simulation tools can help to identify the cost-effective layout to each 
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Table 3: Key design parameters for stock preparation lines 

In the concept specific design development, the following general best practice rules can be followed 
for stock preparation process designing: 

- Process steps with similar consistency to be combined 
- Layout preferably with continuously decreasing consistency 
- Fragmentation of detrimental substances to be avoided. Efficiency of separation better with 

larger particle size which is preferably carried out at earliest stage possible 
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Table 3: Functions of main process stages

aim. Different process stages need to arrange with the understanding of the requirement based on raw material and final pulp 
product quality (Table 3).

To arrange the various process modules to design an optimum process, the key factors to be considered are: Quality targets, 

low investment costs, high operation efficiencies, and minimal wastages. Today, modelling and simulation tools can help to 
identify the cost-effective layout to each specific production line based on key design parameters mentioned in the following 
table (Table 4).

In the concept specific design development, the following general best practice rules can be followed for stock preparation 
process designing:

-	 Process steps with similar consistency to be combined

-	 Layout preferably with continuously decreasing consistency

-	 Fragmentation of detrimental substances to be avoided. Efficiency of separation better with larger particle size which is 
preferably carried out at earliest stage possible

-	 A countercurrent setup of stock and waterflows is recommended

-	 “Separation Gaps” to be avoided. A Process stage must eliminate all size classes or be combined with another stage that 
compensates for a size-class-related gap in separation efficiency

-	 A combination of separation steps with different active principle leads to a high efficiency stock preparation process as a 
whole
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-	 Standardize the layout design with standard equipment unit sizes and process configurations in new large mills

A typical grade specific process design is given below for some RP rawmaterials:

a.	 Newsprint, SC and LWC grade RP rawmaterials consists of 3 loops with the following unit operations:

	 Loop 1: Pulping, coarse cleaner, pre-screen, cleaning, floatation 1, LC slot screening, Thickening 1, Dewatering 1, Dispersion 
1, and oxidative bleaching
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Runnability Operational availability (over time) 
General Targets Specific effluent volume 

Overall specific energy demand (heat, power) 

Table 3: Key design parameters for stock preparation lines 

In the concept specific design development, the following general best practice rules can be followed 
for stock preparation process designing: 

- Process steps with similar consistency to be combined 
- Layout preferably with continuously decreasing consistency 
- Fragmentation of detrimental substances to be avoided. Efficiency of separation better with 

larger particle size which is preferably carried out at earliest stage possible 
- A countercurrent setup of stock and waterflows is recommended 

Table 4: Key design parameters for stock preparation lines
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Paper Making for 
Non-Paper Maker

	 Loop 2: Flotation 2, Thickening 2, Dewatering 2, Dispersion 2, Reductive bleaching

	 Loop 3: Refining, cleaning, screening, papermachine

b.	 Market deinked pulp from RCF is a demanding process. A prerequisite is using wood free grades as a furnish in the form of 
sorted office waste with mechanical fibre content below 3 - 5% in the mixture.

	 Loop 1: Pulping, Coarse cleaner, Hole combi screen, cleaning, slot screen, Flotation 1, Slot screen 2, Disc filter (washing), 
screw press 1, Disperger 1, and Bleaching (Ox.)

	 Loop 2: Flotation 2, Disc filter 2, screw press 2, disperger 2, Bleaching 2 (red.), wet-lap

c.	 Testliner is produced using low-quality RP from households and supermarkets post consumer waste. The process step is 
simpler and contains fewer process stages than graphic paper grades production process. Mostly the requirement of final 
product do not permit sufficient leeway for integration of additional fibre retreatment and cleaning stages. Features of this 
process include: 2 loop system, storage possibilities, and loop separation.

Stock prep Loop: 

	 a.	 LC pulping, HC cleaning, Hole screening, Fractionation 1, cleaning SF, thickening SF

	 b.	 LC pulping, HC cleaning, Hole screening, Fractionation 1, Fractionation 2, cleaning SF, slot screening, Thickening LF, 
Dewatering LF, Dispersion LF

PM Loop:

	 a.	 Approach flow to papermachine

	 b.	 Refining LF, Approach flow to papermachine

Board grades recycled fibre requirements (folding box board) are defined by their use for packaging and as an advertising 
medium. Particular emphasis is put on bending stiffness, ply-bond strength, smoothness, brightness, and cleanliness. The 
multi layer structure provides the possibility to select the most suitable raw material for each layer. Stock preparation line in 
this case consist of pulping, cleaning, screening, fractionation, cleaning, and thickening unit operations. Based on final pulp 
requirements further cleaning, dispersion, and refining operations can be added to the fractionated pulp.

Water management forms a significant part of process design.  Loops are separated from each other by drainage stages 
contributing to sound water management. Fresh water is supplied only to papermachine. Clear filtrate from the save – all is fed 
as make-up water to the stock preparation line based on the counterflow principle. The only effluent from the entire plant are 
the filtrates from the sludge thickening machines. In some cases, the sluge dewatering filtrate is recirculated to the save fresh 
water. Even with optimum loop separation, the detrimental substances tend to increase with further water closure which will 
have a deteriorating effect on the strength properties of paper.

SUMMARY: 

Production of recycled pulp from recovered paper is a sustainable but complex process. Understanding the material science 
physico-chemical properties, process technology, and design principles helps us to strategize, create, finalize, and implement 
process layouts for paper grade specific process design, optimization, and operations at scale.
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