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Abstract:

Papermaking is the process of converting cellulosic raw materials into sheets of paper for a variety of 
applications. Different types of raw materials can be used, including hardwood, softwood, and agro-based 
materials. In an integrated paper mill, the production process encompasses several key steps: debarking, 
chipping, pulping, washing, bleaching, refining, screening, cleaning, and managing the approach flow 
system. This is followed by the formation of the paper, pressing, drying, calendaring, and ultimately, 
winding and trimming the finished product. Conversely, a non-integrated paper mill utilizes pre-made 
pulp bales as its raw material. The process involves bale handling, pulping, cleaning, deflaking, refining, 
mixing, managing the approach flow system, formation, pressing, drying, calendaring, and then winding 
and trimming. Each stage of papermaking has a significant impact on the characteristics of the final 
product. Additionally, various grades of paper, such as writing and printing papers, absorbent grade 
papers, wrapping and packaging papers, and specialty papers, are processed differently to achieve the 
specific qualities desired for each grade.
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INTRODUCTION

Papermaking is the process of converting plant-based fibrous raw materials into felted sheets of paper (Fig. 1). As one 
of humanity’s earliest industrial arts, it has profoundly influenced communication, education, packaging, and various 
facets of modern life. Over the centuries, papermaking has experienced significant innovations, cultural exchanges, 
and technological advancements. Originating in China, papermaking has evolved into large-scale production by 
contemporary global industries. Once reliant on manual labor and natural materials, this craft has now transformed 
into a more sophisticated industrial science that balances the demands of the global economy with environmental 
responsibilities. The papermaking process encompasses not only the technical conversion of raw materials into the final 
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product but also an appreciation of the historical, economic, 
and ecological factors that have shaped modern paper 
technology and continue to influence its evolution.

Paper has its origins in Egypt, derived from the word 
“papyrus.” This material is crafted from the Cyperus papyrus 
plant, a tall aquatic species. To produce sheets of papyrus, 
the inner core of the plant’s stem was sliced into thin 
longitudinal strips, softened, layered at right angles, and 
then pressed together (Mleziva et al. 2012). The resulting 
sheets were hammered, sun-dried, and polished to a smooth 
finish using a shell or stone. Both the Greeks and Romans 
made extensive use of papyrus for their writings. In addition 
to papyrus, parchment was another commonly used writing 
medium. Often referred to as vellum, parchment was made 
from the skins of animals, primarily sheep and goats, though 
calfskin was sometimes employed as well. The skins were 
meticulously washed and soaked in a limewater bath for 
several days. Once prepared, they were stretched evenly 
within a frame to facilitate scraping and smoothing of the 
surface. Parchment could be written on both sides, making 
it a cost-effective alternative to papyrus. Today, the term 
“parchment” also refers to high-quality paper used for 
baking. The earliest form of true paper was created in China 
around 100 AD, utilizing a mixture of bamboo and mulberry 
fibers  (Sapuan et al. 2023). China has a rich tradition of 
producing high-quality art papers, and many ancient 
Chinese illustrations, crafted with remarkable beauty on 
these papers, have survived to this day.

The first continuous papermaking machine was patented in 
1798 by Nicholas-Louis Robert in France (Clapperton et al. 
1967). Following this, the Fourdrinier brothers from England 
developed a more advanced version of the continuous paper 
machine, which they patented in 1803 and 1807, with design 
contributions from Bryan Donkin (https://frogmorepapermill.
org.uk/the-fourdrinier-paper-machine/). In 1809, John 
Dickinson of England received a patent for the cylindrical 
paper machine. The first cylinder machine in America was 
created in 1817, and the Fourdrinier machine was introduced 
there in 1827. In 1840, the groundwood pulping method was 
developed in Germany and saw commercial use in the 1860s. 
The soda pulping process originated in England in 1854, 
while the sulfite pulping process was patented by Benjamin 
Tighman in the USA in 1867, with its initial commercial 
use taking place in 1874. Furthermore, in 1870, the USA 
made advancements in multiple board manufacturing 
utilizing a cylinder machine. The kraft pulping process was 
introduced later by Carl Dahl in Germany in 1884 (https://
frogmorepapermill.org.uk/the-fourdrinier-paper-machine/).

Throughout the twentieth century, continuous modifications 
and refinements of inventions and prototypes in paper 
production established the foundation for the modern paper 
industry. Significant advancements in paper technology 
have encompassed refiner mechanical pulping, continuous 
chemical pulping, multi-stage continuous bleaching, on-

machine paper coating, twin-wire forming, and computer 
process control. Furthermore, the evolution of mechanized 
material handling has become a crucial aspect of the paper 
industry, as the operations within a paper mill demand the 
constant movement of substantial quantities of materials 
from one area to another (Smook 2019).

The papermaking process involves a sophisticated 
combination of mechanical, chemical, and thermal methods 
to transform plant-based raw materials into finished 
products. It begins with the meticulous selection of raw 
materials, primarily wood, which undergoes debarking, 
chipping, and cleaning. Once processed, the wood is pulped 
to break it down into individual fibers through mechanical, 
chemical, or semi-chemical treatments. The resulting pulp 
is then thoroughly washed and bleached, if necessary, to 
enhance its brightness and purity, followed by screening 
and cleaning. To achieve specific characteristics in the 
final paper, fillers, sizing agents, retention agents, and 
various additives are incorporated into the pulp mixture. 
The prepared pulp is combined with water to obtain the 
desired consistency, after which it is passed through a wire 
mesh to undergo dewatering and form a mat of interwoven 
fibers. This wet web is then subjected to a sequence of 
suction and pressing stages, effectively removing excess 
water and increasing the strength and cohesion of the sheet. 
Following this, the sheet moves through a series of heated 
rollers during the drying phase to eliminate any remaining 
moisture. Finally, additional treatments such as calendaring 
may be applied to enhance surface smoothness, or the 
sheet may be coated to meet specific final specifications. 
Currently, various innovations and adaptations are being 
implemented in paper technology, with a focus on exploring 
alternatives like agricultural residues and recycled fibers 
to reduce the reliance on virgin fibers as raw materials for 
papermaking. The incorporation of nanocellulose and smart 
paper technologies in papermaking has resulted in broader 
applications in electronics, medicine, and sustainable 
construction. The incorporation of artificial intelligence and 
automation in mill operations has significantly decreased 
waste production, enhanced quality control, and optimized 
the efficiency of the papermaking process. Paper is a 
renewable, recyclable, and compostable material that meets 
the global priority of a circular economy and low-impact 
production, making it a superior alternative to plastic and 
other non-biodegradable materials.

This lecture is designed to offer a comprehensive exploration 
of the science of papermaking, beginning with the processing 
of raw materials and concluding with the creation of the 
final product. We will delve into the intricate papermaking 
process, providing a brief historical context, an overview of 
various paper grades, and a discussion of the white-water 
system. Furthermore, the lecture will highlight recent trends 
in the paper industry and emphasize the critical safety 
standards that must be observed to prevent incidents within 
the field.
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CORNERSTONES OF PAPER TECHNOLOGY:

The three fundamental cornerstones of paper technology are 
raw materials, processing methods, and paper properties. 
Together, these components establish the foundation of the 
entire papermaking process. The primary steps involved 
include the preparation of raw materials, their handling 
and mixing, transportation, the formation of paper, and 
ultimately, the consolidation and conversion of the final 
product. The raw materials consist of fibers, pigments, fillers, 
functional additives, and process additives. Functional 
additives enhance the final properties and performance of 
paper products, while process additives play a supportive 
role, facilitating and improving the papermaking process 
without influencing the end product’s characteristics. The 
third crucial element is the properties of the paper itself, 
which include structural, mechanical, optical, thermal, and 
other relevant attributes. Different grades of paper exhibit 
varying qualities, and the desired characteristics guide the 
selection of raw materials and the approaches employed in 
pulp processing.

GRADES OF PAPER

The papermaking process is significantly influenced by 
the specific grade of paper being produced. There are four 
primary categories of paper: writing and printing papers, 
absorbent grade papers, wrapping and packaging papers, 
and specialty grade papers.

•	 Writing and printing papers include papers that 
are specifically designed for writing, printing, and 
publishing purposes. Examples include books, notebooks, 
magazines, brochures, and other printed materials. The 
major properties required for this grade of paper include 
grammage (gsm), brightness, opacity, smoothness, ink 
absorption, printability and durability. 

•	 Absorbent grade paper includes those papers that 
are specially designed to absorb liquids efficiently. 
Examples include blotting paper, filter paper, tissue 
paper, and medical or laboratory-purpose paper. The 
major properties of this grade of paper include high 
absorbency, porosity, wet strength and thickness. 

•	 Wrapping and packaging paper is designed for 
protecting and enclosing goods during storage, handling, 

and transportation. The most important properties of this 
grade of paper are strength (tear, burst), flexibility, and 
printability. 

•	 3.4 Specialty papers are high-performance papers 
made for higher-end applications, such as seed 
germination papers, pictorial circuit board papers, 
decorative laminates, etc. 

PAPERMAKING FURNISH

Papermaking furnish comprises both fibrous and non-
fibrous components. The fibrous components may consist 
of a complete blend of virgin fibers sourced from softwood, 
hardwood, or agricultural residues, or they may be 
combinations of these fibers. In addition to virgin pulp fibers, 
the use of secondary fibers in papermaking is becoming 
increasingly popular, contributing to sustainability and 
reinforcing the principles of a circular economy. The non-
fibrous components are made up of additives that are 
incorporated to enhance specific properties of the final paper 
or to improve existing attributes.

PROCESS OF PAPER MAKING IN AN INTEGRATED PAPER MILL

In an integrated paper mill, all the processes from the raw 
material selection to the end product processing take place 
in a single mill. The steps involved in an integrated paper 
mill are debarking, chipping, pulping, washing, bleaching, 
refining, screening, cleaning, approach flow system, 
formation, pressing, drying, calendaring, other (based on 
requirement), winding and trimming. 

• Stock Preparation

1.	 Debarking: The logs are debarked to guarantee that 
the chips remain free of bark and dirt (Fig. 2a) (Smook 
2019). The bark does not add to the fiber raw material 
and brings dirt and other impurities to the pulp; therefore, 
it must be removed. 

2.	 Chipping: Upon debarking, logs are processed using 
chippers that convert the wood into chips appropriate for 
subsequent pulping operations (Fig. 2b) (https://www.
elmstar.co.uk/product/jensen-a425-8-57hp-turntable-
wood-chipper/). The produced chips are further screened 
via a series of screens to separate the acceptable-sized 
chips from fines and larger fragments.

Furthermore, the lecture will highlight recent trends in the paper industry and emphasize the 

critical safety standards that must be observed to prevent incidents within the field. 
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(https://www.elmstar.co.uk/product/jensen-a425-8-57hp-turntable-wood-chipper/). 

The produced chips are further screened via a series of screens to separate the 

acceptable-sized chips from fines and larger fragments. 

 

Fig. 2: (a) debarking (adapted from handbook for pulp & paper technologists by Smook) 
(Smook 2019) and (b) chipping process (adapted from Chipping equipment Jensen 
A425) (https://www.elmstar.co.uk/product/jensen-a425-8-57hp-turntable-wood-
chipper/) 

 . 

3. Pulping: Pulping refers to any process by which a raw material is reduced to a fibrous 

mass by mechanical, chemical, and semi-chemical (hybrid) actions (Fig. 3a) 

(https://www.vectorsolutions.com/). Different pulping methods are employed based on 

the end product requirement, as shown in Table 1 . (Smook 2019). 

Table 1: Pulping methods with their properties 
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Pulping by mechanical energy (small amounts 
of chemicals and heat) 

Pulping with a combination of chemical 
and mechanical treatments 

Pulping with chemicals and heat (little or 
no mechanical energy) 

High Yield (85-95%) Intermediate Yield (55-85%) Low Yield (40-55%) 

Short, impure fibers, weak and unstable Intermediate Pulp Properties Long, pure fibers, strong and stable  

Good print quality - Poor print quality 
Examples: Stone groundwood 
refiner mechanical pulping 
thermomechanical pulping 

Examples: Neutral sulphite semi-chemical, 
high-yield Kraft and high-yield sulphite 

Examples: Kraft, sulfite, and soda pulping 

 
4. Washing: After the pulp is cooked in the digesters, it needs to be thoroughly washed 

(Fig. 3b) (https://www.vectorsolutions.com/). This step fulfils two significant roles: 

Firstly, it aids in eliminating the residual cooking liquor from the pulp, which 

subsequently decreases the quantity of bleaching chemicals required later and 

minimizes the introduction of spent liquor solids into the mill effluent. Washing enables 

the mill to recover a significant portion of the utilized chemicals while minimizing 
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4. Washing: After the pulp is cooked in the digesters, it needs to be thoroughly washed 

(Fig. 3b) (https://www.vectorsolutions.com/). This step fulfils two significant roles: 

Firstly, it aids in eliminating the residual cooking liquor from the pulp, which 

subsequently decreases the quantity of bleaching chemicals required later and 
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4.	 Washing: After the pulp is cooked in the digesters, it needs to be thoroughly washed (Fig. 3b) (https://www.vectorsolutions.
com/). This step fulfils two significant roles: Firstly, it aids in eliminating the residual cooking liquor from the pulp, which 
subsequently decreases the quantity of bleaching chemicals required later and minimizes the introduction of spent liquor 
solids into the mill effluent. Washing enables the mill to recover a significant portion of the utilized chemicals while 
minimizing dilution. The recovered chemicals can subsequently be reused after undergoing treatment processes such as 
evaporation, burning, and re-causticizing.

5.	 Bleaching: Bleaching is the chemical process used to remove lignin from wood pulp to make the pulp whiter, brighter, and 
cleaner for producing high-quality white papers.

     The main Chemicals used for bleaching purposes include: Chlorine dioxide (ClO2), Oxygen (O2), Ozone (O2) and Hydrogen 
peroxide (H2O2). Some of the modern bleaching methods include chlorine-free (TCF) bleaching, elemental chlorine-free (ECF) 
bleaching, and enzymatic bleaching. 

6.	 Refining: The main purpose of refining is to improve certain sheet properties, including bonding ability, tensile strength, 
runnability, etc (Fig. 3c) (https://ibcpapertraining.com/e-learning/stock-preparation/). Refining helps maintain or minimize 
the reduction of fiber length, bulk, drainability, and lint. During refining the fiber cell walls are delaminated, allowing them 
to absorb more water and increasing their flexibility. External fibrillation of the fiber surfaces increases the surface area 
available for bonding, and some fiber cutting and the creation of fines take place.

7.	 Screening: Screening eliminates light and coarse particles as well as contaminants from the pulp, safeguarding the 
subsequent process equipment from possible damage (Fig. 3d). The operational range for consistency during screening is 
3.5 - 4.5%, and the screens generally feature 4 mm holes. Materials that should be screened out consist of small nuts and 
bolts, plastic, adhesives, staples, rocks, metal, and similar items.

8.	 Cleaning: The cleaning step in papermaking is crucial for ensuring that a high-quality pulp, free from any contaminants, 
arrives at the forming section of the paper machine (Fig. 3e (Paganel et al. 2024). Centrifugal cleaners serve the purpose 
of eliminating contaminants and safeguarding downstream equipment from potential damage and wear. Forward cleaners 
utilize centrifugal force to separate heavy particles from the pulp. Rejects from a collection of cleaners frequently include 
valuable fiber. In a cascade system, extra stages are implemented to handle the rejects from the primary stage and retrieve 
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the fibers. Reverse cleaners effectively separate lightweight contaminants from fibers. Lightweight contaminants consist of 
wax, plastic, and various other sticky substances.

•	 Paper Machine overview

1.	 Thick to thin stock system: Approach flow system: The approach flow system refers mainly to the fan pump loop, where 
the pulp slurry prepared is accurately measured, diluted to the desired consistency, blended with required additives, and 
thoroughly screened and cleaned before being fed onto the wire of the paper machine. The thin stock system supplies clean, 
dilute stock to the headbox of a paper or board machine (Fig. 3f). The thin stock system uses white water to dilute the stock 
to the proper consistency for cleaning, screening, and delivery to the headbox. Deaerating the stock is also important as 
the air (both dissolved gases and dispersed bubbles in the stock) interferes with the proper formation of paper. Deaeration, 
or degasification, often involves mechanical vacuum treatment to reduce air content. Free air forms bubbles that rise and 
escape unless disrupted by flow, while residual air remains dispersed. White water from the forming section drains into the 
silo, carrying high levels of free air. Open channel flow helps release this air and calm turbulence before reusing water.
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Fig. 3: Process involved in the integrated paper mill (a) pulping (vector solutions) 

(https://www.vectorsolutions.com/), (b) washing (counter-current washing) (adapted from 

vector solutions) (https://www.vectorsolutions.com/), (c) refining (adapted from IBC paper 

training) (https://ibcpapertraining.com/e-learning/stock-preparation/) (d) screening, (e) 

cleaning (High consistency cleaner) (adapted from Industrial Dust Cyclone Separator)    

(Paganel et al 2024). and (f) thick to thin stock 

Some of the important parts of the approach flow system include: 

Fan Pump: The fan pump delivers a dilute slurry of papermaking furnish to the headbox. 

It is designed to minimize pulsation, thereby ensuring a steady basis weight. Thick stock, 

with a consistency of 3-5%, is diluted with white water at the inlet of the pump. The 

Fig. 3: Process involved in the integrated paper mill (a) pulping (vector solutions) (https://www.vectorsolutions.com/), (b) washing (counter-current washing) 
(adapted from vector solutions) (https://www.vectorsolutions.com/), (c) refining (adapted from IBC paper training) (https://ibcpapertraining.com/e-learning/stock-

preparation/) (d) screening, (e) cleaning (High consistency cleaner) (adapted from Industrial Dust Cyclone Separator)    (Paganel et al 2024). and (f) thick to thin stock

Some of the important parts of the approach flow system include:

Fan Pump: The fan pump delivers a dilute slurry of papermaking furnish to the headbox. It is designed to minimize pulsation, thereby 
ensuring a steady basis weight. Thick stock, with a consistency of 3-5%, is diluted with white water at the inlet of the pump. The resulting 
thin stock generally contains 0.3-1% solids. Papermakers frequently incorporate fillers or pH modifiers before the pump to take advantage of 
its mixing action. Fan pumps are typically located in the basement beneath the forming section. Certain systems employ dual fan pumps to 
enhance the efficiency of hydro-cyclone cleaners and deaeration processes.

 Wire Pit / Silo: In papermaking, a “silo” typically refers to a white-water chest in the primary flow circuit. It supplies bubble-free water to the 
fan pump and helps prevent air from entering the system, acting as a deaerator. Larger bubbles rise and burst at the surface, while defoamers 
help smaller bubbles combine and escape. The silo also holds enough water to handle short-term changes in dilution demand.

2.  Paper machine 

Headbox

The objective of the headbox is to spread the stock evenly across the width of a paper machine, to control the basis weight profile across the 
machine, to create controlled turbulence to eliminate fiber flocculation, to discharge evenly from the slice opening and impinge on the forming 
fabric at the correct location and angle, to control the velocity and direction of the jet, to allow for various grades and basis weights to be 
produced. The headbox slice is a full-width orifice or nozzle with a completely adjustable opening to give the desired rate of flow. The slice 
opening determines the thickness of the slice jet, while the headbox pressure determines the velocity. Every slice has a top lip and an apron 
(bottom lip), both constructed of suitable alloy materials to resist corrosion. The top lip is adjustable up or down as a unit (main slice) and also 
in local areas by use of individual micro-adjusters (hand-operated or motor-driven).
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Fig. 4: (a) Open headbox (adapted from Optimum control of a paper making machine headbox 

by R. Whalley) (Whalley and Ebrahimi 2002) and (b) air-padded headbox (adapted from NC 

Fig. 4: (a) Open headbox (adapted from Optimum control of a paper making machine headbox by R. Whalley) (Whalley and Ebrahimi 2002) and (b) air-padded 
headbox (adapted from NC State University report) (https://hubbepaperchem.cnr.ncsu.edu/equipment-and-unit-operations/). 

Evolution of paper machine headbox: Early paper machines used a gravity-fed open headbox, where jet speed was controlled by adjusting 
the height of the liquid (pond) (Fig. 4a (Whalley and Ebrahimi 2002). 

As machine’s speed increased, the required pond height became impractical. These headboxes are now mostly found on slow-running pulp 
or specialty machines. This limitation led to the invention of the closed, pressurized headbox using air to regulate jet velocity.

Air-padded headboxes were developed that use an air space above the furnish as a means of controlling the pressure (Fig. 4b) (https://
hubbepaperchem.cnr.ncsu.edu/equipment-and-unit-operations/).  Rectifier rolls (or “holey rolls”) are cylinders with large holes in them, 
slowly rotating within an air-padded headbox to help distribute the furnish and prevent deposition of materials. 

Hydraulic headbox: The most developed headbox is the hydraulic headbox, which has neither air spaces nor rectifier rolls. Redistribution 
of furnish and break-up of flocs is achieved with banks of tubes and expansion areas: Hydraulic shear forces, smaller size, higher shear to 
deflocculated the stock, no moving parts, not yet reached a speed limit. In the hydraulic head box, the turbulence level is very high; hence, a 
stationary arrangement should be made.

Formation: Formation refers to small-scale local grammage variations in the final paper web. The formation is a property of the sheet that is 
based on the overall uniformity of the fiber distribution in the sheet. Sheet formation is important because it affects both the appearance and 
the performance of paper and board products. The target of forming wire is to efficiently remove water, increase solids from about 1% to 20%, 
retain maximum material in the web (high retention) to give an even sheet structure (one-sided sheet), and avoid the formation of defects, 
e.g., pinholes in the sheet. Traditionally, there are three main ways of improving the fiber distribution, i.e., dewatering, oriented shear, and 
turbulence. Turbulence can help break down flocs and improve mix uniformity before the jet exits the headbox nozzle. However, flocs tend to 
reform as turbulence decays. Increasing energy input in the headbox can lead to hard re-flocculation. Turbulence in the jet after the nozzle 
causes surface roughness and disturbs paper formation, and excessive turbulence during dewatering negatively affects sheet quality, as 
shown by stirring during hand sheet forming. Dewatering has a self-healing effect on local variations in grammage. If a hole is present in the 
wet web on the wire during the dewatering phase, the local dewatering will be high, and excess fiber suspension will be dewatered at that 
position. Thus, fibers will be deposited, and the overall grammage will be evened out. The most important effect of the drainage process is the 
dewatering of the fiber suspension to form the mat. The origin of shear is a velocity difference between the stock and wire speed. Flocs can 
be broken apart during the dewatering process through oriented shear. Free flocs will not be broken, but only flocs that are held against the 
web/wire by the dewatering flow forces.  The jet-to-wire speed difference is also an important parameter that governs the proper formation 
of sheets. Rushing the sheet means that the jet speed is higher than the wire speed, whereas dragging the sheet means that the wire speed 
is higher than the jet speed. Especially in the case of dragging, fibers tend to align in the machine’s direction. The wire of the forming zone 
carries the main functions. It allows the proper drainage of water, along with supporting the sheet throughout the forming section. Twin-wire 
formers can be divided into two main streams- The gap formers, where the jet is discharged into the gap between the two converging wires, 
and the hybrid formers, in which the initial jet is landed onto a flat fourdrinier-type wire where initial drainage takes place. The second wire 
is then laid down on the topside of the suspension on the wire allowing the subsequent drainage to take place on both sides. Dewatering 
efficiency is increased with a top-forming unit. It can be added to the existing Fourdrinier to increase capacity, improve both two-sidedness 
and formation, and increase dewatering capacity that allows the production of higher grammages. The raw materials for forming fabric (Fig. 
6b) (https://www.valmet.com/insights/articles/services/the-number-one-fabric-choice-for-board-mak) are yarns, which are monofilament 
yarns of a diameter usually 0.10 – 0.50 mm. All MD yarns are polyester (PET). Polyamide (PA) is a material used for binding yarns. PET has 
higher dimensional stability than PA, whereas PA has better wear resistance than PET. The white-water system allows for the re-use of water 
that is drained in the forming section for different purposes in the paper mill after proper clarification. 

Foil Elements: The function of hydrofoils is to aid in the removal of water from a wet web in the early stages of dewatering (Fig. 5) (Bajpai 
2018). On a Fourdrinier paper machine, the foils are placed under the forming fabric. Their shape is designed to create suction as the foil 
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and wet web pass over the surface. Hydrofoils also create a brief pressure pulse as the fabric passes over the leading edge. The alternating 
pressure and vacuum of a series of hydrofoils tend to move fibers around in the wet web, slightly improving the drainage and uniformity of the 
resulting paper. Also, the pulsation tends to change the drainage mechanism from pure filtration to a combination of filtration and thickening.

 

Fig. 5: Fourdrinier wire and foil elements (Bajpai 2018). 

Vacuum/Dry/Suction /Flat Box: High-vacuum boxes with flat covers containing circular 

holes or slots increase web dryness. The vacuum levels range from 15-40 kPa.The water which 

enters at the top is discharged across a full-width slot at the bottom. The air drawn in with the 

water is evacuated through a small vacuum line. The air-water mixture pulled from the sheet 

into each vacuum box is pulled first into a separator, which separates the air from the water. 

The air flows out the top to the vacuum source, and the water exits from the bottom to a seal 

pot or tank.  

Dandy Roll: A dandy roll (screen cylinder) may be used to make the sheet more uniform or to 

introduce a desirable watermark in the sheet (Fig. 6a) 

(https://collection.sciencemuseumgroup.org.uk/objects/co8413947/national-paper-museum-

trust-archive). It improves web formation by introducing shear in the mix. The dandy roll is 

not a dewatering element, and the suspension concentration is therefore approximately the 

same on the upstream and the downstream sides of the roll. 

Couch Roll: The couch roll is the last water-removal device on the Fourdrinier, before the sheet 

transfers into the press section. The function of the couch roll of a paper machine is to remove 

water by application of a vacuum. The vacuum ranges from 40–80 kPa. It also serves as the 

final "wrap" where the wet web exits the forming fabric on its way to the wet-press section.  

Press Felt: Felt is the porous textile structure which consists of the base fabric and batt layer. 

Base fabric gives strength properties and the batt layer makes felt as a dewatering element. 

After a wet web is formed, it is supported by press felt which not only supports the web but 

also removes the excess water from the sheet. The functions of the press felt are to remove 

water from the sheet, support the sheet and prevent crushing when pressing the water out. The 

press felt must have good compression resistance, good abrasion resistance, good tensile 

strength, elasticity (compress/recovery in nip), good chemical resistance and high water 

absorption.  
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Vacuum/Dry/Suction /Flat Box: High-vacuum boxes with flat covers containing circular holes or slots increase web dryness. The vacuum 
levels range from 15-40 kPa.The water which enters at the top is discharged across a full-width slot at the bottom. The air drawn in with 
the water is evacuated through a small vacuum line. The air-water mixture pulled from the sheet into each vacuum box is pulled first into a 
separator, which separates the air from the water. The air flows out the top to the vacuum source, and the water exits from the bottom to a 
seal pot or tank. 

Dandy Roll: A dandy roll (screen cylinder) may be used to make the sheet more uniform or to introduce a desirable watermark in the sheet (Fig. 
6a) (https://collection.sciencemuseumgroup.org.uk/objects/co8413947/national-paper-museum-trust-archive). It improves web formation by 
introducing shear in the mix. The dandy roll is not a dewatering element, and the suspension concentration is therefore approximately the 
same on the upstream and the downstream sides of the roll.

Couch Roll: The couch roll is the last water-removal device on the Fourdrinier, before the sheet transfers into the press section. The function 
of the couch roll of a paper machine is to remove water by application of a vacuum. The vacuum ranges from 40–80 kPa. It also serves as the 
final “wrap” where the wet web exits the forming fabric on its way to the wet-press section. 

Press Felt: Felt is the porous textile structure which consists of the base fabric and batt layer. Base fabric gives strength properties and the 
batt layer makes felt as a dewatering element. After a wet web is formed, it is supported by press felt which not only supports the web but 
also removes the excess water from the sheet. The functions of the press felt are to remove water from the sheet, support the sheet and prevent 
crushing when pressing the water out. The press felt must have good compression resistance, good abrasion resistance, good tensile strength, 
elasticity (compress/recovery in nip), good chemical resistance and high water absorption. 

Pressing: The pressing section of a paper machine removes water from the wet paper sheet by pressing it between rollers covered with felt 
(Fig. 6c and 6d) (https://www.vectorsolutions.com/). This step reduces the moisture content significantly before the sheet enters the drying 
section. It also helps improve sheet strength and smoothness by compacting the fibers. The sheet passes into the pressing section at dry solid 
contents of 15-25%. Wet web attains total dry solid contents of 40-45% for most of the grades of paper after the pressing section. 

Drying: The wet web of paper attains total dry solid contents of 40-45% for most of the grades of paper after the pressing section and the rest 
of the water is removed in the dryer section of the paper machine. In papermaking, drying works through heat and mass transfer. The heat 
evaporates moisture from the paper, and mass transfer carries that moisture away as vapour.

Calendering: Calendering is the process of passing paper through a series of heated rollers to smooth its surface, control thickness, and 
improve gloss and printability (Fig. 6e). It makes the paper more uniform and suitable for high-quality printing, such as magazines or 
brochures.

Features of calendaring include smoothing with pressure and heat, pressing with a roll, reduction in sheet thickness, evening out calliper 
variations, and imparting smoothness and gloss. There are positive and negative effects of calendaring: the positive effects include smoothness 
increase, gloss, absorption and porosity decrease, calliper control and two-sidedness control (printing papers), whereas the negative effects 
include bulk and stiffness decrease, strength properties decrease, opacity and brightness decrease, light scattering decrease, and costs 
increase. 

Winding and trimming: There are two basic winding processes in the paper industry: reeling and winding (Fig. 6f) (https://www.
vectorsolutions.com/). The reeling process is used to produce very large rolls of paper or board, called “parent reels,” at the dry end of a paper 
machine. The winding process converts the large parent reels produced on the paper machine into customer-sized rolls that are ready for 
conversion or shipping. 
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Non-Integrated Paper Mill

In the case of a non-integrated paper mill, the pulp bales are used as a raw material for paper making instead of woody raw material. 
Bale is the raw material for Non-integrated pulp mills, also called market Pulp. It is a dried pulp sheet of heavy grammage around 900 g/
m2. The steps in a non-integrated paper mill include bale handling, pulping, deflaking, cleaning, deflaking, refining, mixing, consistency 
measurements, approach flow system, formation, pressing, drying, calendaring, winding and trimming. Bale handling involves the following 
steps: to feed raw material into the process, pulp is delivered to the mill in bale units, unit and single bales are kept together by steel wires 
and before entering the process, the steel wires are removed and units are separated into single bales. Pulping is a process where shear 
forces disintegrate the pulp sheet into a pumpable slurry (Fig. 7a) (Klesman 2015). Pulping is based on mechanical and hydraulic forces. 
Mechanical impacts are needed mainly at the beginning of the slushing to break down bales into smaller pieces. A deflaker is a high-speed 
mechanical device that uses intense hydraulic forces to disperse and separate compressed pulp sheets (from bales) into their fibers without 
cutting them (Fig. 7b) (https://www.vectorsolutions.com/). After the pulp slurry has been made from bales, the slurry is cleaned using different 
types of cleaners such as high-consistency cleaners to remove any contaminants from the pulp slurry. Cleaning is done for many reasons- to 
clean the stock from foreign particles such as sand, staples, glass, plastics, stones, and metal etc., to protect the line equipment from damage 
due to harmful content, to maximize pulp quality and runnability with minimized fiber losses. After cleaning the disintegrated bales, it is 
further refined by shear forces that disintegrate the pulp flocks into single fibers. The main purpose of refining is to improve certain sheet 
properties, including bonding ability, tensile strength, runnability etc. The refined slurry is then mixed to ensure that the share of each stock 
type is according to the recipe, so it fulfils the specification of the produced paper. The different stock types are fed into a tank where it is mixed 
under agitation. Consistency control is important because it can affect refining, sheet formation, moisture and weight profiles, and vacuum 
levels on the machine. After the consistency measurements, the pulp moves towards the approach flow system and follows the same path as 
that of the integrated paper mill (after the screening stage).

 

 
    

Fig. 6: (a) dandy roll (adapted from National Paper Museum archive) 
(https://collection.sciencemuseumgroup.org.uk/objects/co8413947/national-paper-
museum-trust-archive) 

, (b) forming wire fabric (https://www.valmet.com/insights/articles/services/the-number-one-

fabric-choice-for-board-mak), (c) roll press (Vector solution) 

(https://www.vectorsolutions.com/), (d) shoe press (Vector solution) 

(https://www.vectorsolutions.com/), (e) calendering and (f) winding and trimming (vector 

solutions) (https://www.vectorsolutions.com/). 
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Fig. 7: (a) Pulper (adapted from Mulpperin parametrinen 3d mallinnus) (Klesman 2015), and 
(b) deflaker (adapted from Vector solutions) (https://www.vectorsolutions.com/). 
 
Broke Line system: To recover paper broken from paper machine sheet breaks, dry end and 

finishing area broke, high slushing efficiency is required to transform paper into a pumpable 

form and allow good disintegration of fiber flocs. The rotor should have a high pumping effect 

and efficient defiberizing at low energy levels, creating heavy vortexes that submerge the sheet. 
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Broke Line system: To recover paper broken from paper machine sheet breaks, dry end and 

finishing area broke, high slushing efficiency is required to transform paper into a pumpable 

form and allow good disintegration of fiber flocs. The rotor should have a high pumping effect 
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Broke Line system: To recover paper broken from paper 
machine sheet breaks, dry end and finishing area broke, 
high slushing efficiency is required to transform paper into a 
pumpable form and allow good disintegration of fiber flocs. 
The rotor should have a high pumping effect and efficient 
defiberizing at low energy levels, creating heavy vortexes 
that submerge the sheet. Following the production of a slurry 
from broken pulp, the slurry is screened to eliminate dirt 
particles, sand, flakes, and other debris to prevent damage 
to subsequent stages of the process, enhance pulp quality 
and runability, and reduce the amount of fiber loss and dirt 
in the broken pulp.

Recent trends in the Paper Industry: 
•	 The evolution from printed media to electronic media is indicative of broader trends within the paper industry, where packaging papers 

and boards are expanding in tandem with GDP growth. To adapt to changing market demands, graphical paper machines are being 
repurposed to enhance the production of paper boards. A central theme in contemporary paper mills is cost efficiency, which often entails 
a transition towards utilizing fast-growing raw material species.
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•	 Sustainability has gained prominence as a critical focus, increasingly replacing the reliance on non-renewable resources. This shift is 
reflective of a transformative strategic realignment among paper companies and their suppliers, emphasizing initiatives in biofuel and 
biochemical development. Emerging materials such as nanocellulose present significant potential due to their versatile applications, 
moldability, and lightweight characteristics, fostering innovations in packaging papers.

•	 Research trends within the industry highlight the importance of globalization, the pursuit of low-cost raw materials, energy conservation, 
and production efficiencies. Concurrently, chemical suppliers are diverting their focus away from traditional paper-related developments 
towards advancements in water treatment and biochemicals, while pigment suppliers concentrate on cost-effectiveness and sustainability, 
exploring new business avenues for pigment applications.

•	 The realms of packaging, specialties, composites, and hygienics are increasingly recognized as vibrant opportunities for growth. However, 
the paper-making and converting facilities pose numerous hazards that necessitate stringent safety measures. Equipment and process 
hazards can be mitigated through the implementation of safety guards, personal protective equipment (PPE), comprehensive safety 
training, and adherence to standardized procedures. 	

•	 Additionally, personal conduct plays a pivotal role in maintaining safety, as behaviors can directly influence the risk of accidents. Key 
hazards include pinch points, nips, sharp and hot surfaces, slips, trips, falls, airborne particles, high noise levels, exposure to chemicals, 
confined spaces, and potential fire risks. Common safety oversights, such as taking shortcuts, lack of focus, and environmental distractions, 
can significantly heighten injury risk. Maintaining a tidy environment is crucial; for instance, objects left on the floor, slippery substances, 
and inadequate railings or fall protections can lead to serious safety concerns.

•	 Accumulated dust presents a dual risk by creating slippery conditions and posing respiratory hazards or fire/explosion threats. Effective 
hazard prevention requires proper PPE usage and diligent housekeeping practices to ensure a safe work environment in the paper industry.

Conclusion

Papermaking is a centuries-old craft that continually adapts and innovates, turning natural fibers such as wood pulp and non-wood pulp 
into indispensable paper and paperboard products used in everything from books and packaging to art materials and household items. 
Understanding the intricate steps involved in transforming these fibers, beginning with harvesting and processing, followed by pulping, 
beating, and forming, enables us to harness cutting-edge technologies and methodologies. These advancements not only enhance the 
efficiency of the process, allowing for faster production times and reduced waste, but they also promote sustainable practices that minimize 
environmental impact. By embracing versatility in material use and production techniques, the papermaking industry can meet diverse 
consumer demands while fostering a greener future.
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