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Abstract:

Technically speaking, paper is a thin sheet material produced by mechanically or chemically processing
cellulose fibers derived from wood, rags, grasses or other vegetable sources in water, which is then
drained through fine mesh leaving the fiber evenly distributed on the surface, followed by pressing and
drying.

The word paper comes from papyrus, a reedy plant that used to grow abundantly along the Nile River
in Egypt. Centuries ago, ancient Egyptians removed the fibrous layers from the stem of this plant and
cemented them together to create a durable woven writing material also known as papyrus. Examples of
papyrus manuscripts have survived to the present.

When paper was originally invented, it was made in the form of single sheets by hand. Till 1970s paper
making was an art, not science. In the present day, almost all of it is made on large machines—some of
whom make 10-metre-wide reels effortlessly, while running at 2,000 meters per minute, and can produce
up to 600,000 tons of paper a year. The modern pulp and paper industry is global, with China leading
its production, followed by the United States. Today it is considered to be complete science with both
Chemistry and Physics including lot of technology in it.

Paper is an indispensable part of everyday life. Beyond its use as the basic material for written and
printed communication, paper in its various forms is used for hundreds of other purposes, including
packaging, wrapping, insulating, and towelling. According to its use paper is mainly divided into four
major categories.

e Writing and Printing * Newsprint ¢ Packaging paper (Packaging board, kraft paper etc) * Special
paper (Tissue, thermal paper, OGR, cup stock, sublimation etc)
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Paper testing is crucial for ensuring the quality, consistency, and reliability of paper products, which is
vital for industries like printing, packaging, and education. It helps identify potential problems early on,
boosts efficiency, and ensures products meet quality standards, ultimately benefiting consumers and the
manufacturers. Different standards ie ASTM, TAPPI, 1SO and BIS are generally used for the testing of paper
and its allied products. Apart from these standards some other test methods are also used for the testing of
some special paper developed by chemical suppliers and manufacturers.

Based upon the end-use different paper are tested for the different properties and the testing are divided into
following categories.

e Physical/chemical properties ¢ Mechanical/strength properties  Optical properties e Printing priorities
e Different special testing for special grade papers.

This subject covers the various testing methods used by the industry and end user to ensure the product quality.

Keywords: Paper testing, Physical properties, Chemical properties, Mechanical properties, Optical
properties

INTRODUCTION

Paper has shaped human history in countless ways. From ancient scrolls to modern books, it's been a cornerstone of
communication and education. With more than 2000 years in our presence, paper made from wood fibers and other paper-
like products have managed to have significant impact on our history, culture and traditions Today, even in our digital age,
paper remains vital. We use it for art, packaging, and even currency. Recycling efforts have also made paper more sustainable,
reducing its environmental footprint.

Paper is a very interesting and versatile material that can be found today all around us, and not only as a material for writing,
but also for packaging, construction, even food ingredient and so many special applications.

Paper testing is very crucial for each and every stakeholder in this field. Paper testing verifies that paper meets established
standards and specifications, crucial for industries like printing, packaging, and writing. Testing helps determine how well
paper will perform in its intended use, such as printing, folding, or packaging. Paper testing provides data for optimizing
manufacturing processes and improving paper quality. In some applications, like packaging, testing ensures that paper can
withstand handling, transportation, and storage conditions without compromising product integrity. Paper testing provides
valuable data for research and development activities aimed at creating new types of paper with improved properties. Paper
testing helps maintain consistency in paper quality across different batches and production runs, ensuring a reliable product
for consumers. Paper testing ensures that paper meets the needs of consumers, whether it's for printing, writing, packaging, or
other uses. This paper will highlight the different testing parameters used with its significance.

PAPER TESTING: % Water Absorption (Cobb)

Testing of different paper samples are divided into different % Water Absorption (Edge Wick)

categories. * Static Charge

* Physical/chemical properties % Smoothness (PPS)

*  Mechanical/strength properties % Smoothness (Bendtsen)

*  Optical properties % Stiffness (Taber)

e Printing priorities % TFormation Index

 Different special testing for special grade papers. * TSO

PHYSICAL AND CHEMICAL PROPERTIES % Twist and curl

* Grammage % Castor Oil Absorption
Moisture Content GRAMMAGE:

The weight or substance per unit area is obviously

*
* Surface Strength (Wax pick)
* Caliper fundamental in paper and paper board products. The Basis
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weight of paper is the weight per unit area. This can be
expressed as the weight in grams per square metre (GSM or
g/M2), pounds per 1000 sq. ft. or weight in kgs or pounds
per ream (500 sheets) of a specific size. Ream weight is a
common term to signify the weight of a lot or batch of paper.
Control of basis weight is important as all other properties
are affected. Variations in moisture content in paper affect
the grammage.

MOISTURE CONTENT:

Most physical properties of paper undergo change because
of variations in moisture content. Water has the effect
of plasticizing the cellulose fibre and of relaxing and
weakening the interfibre bonding. The electrical resistance
and the dielectric constant of paper both vary with moisture
content. The absorption and reflectance of certain bands of
infrared and microwave radiation by paper are affected by
its moisture content. The amount of water present in a sheet
of paper is usually expressed as a percentage. The amount
of water plays an important role in calendaring, printing and
converting process. Moisture control is also significant to the
economic aspect of paper making. Poor moisture control can
adversely affect many paper properties.

SURFACE STRENGTH (WAX PICK):

This indicates the surface strength of the paper. This test
is important for all uncoated, coated printing papers. The
waxes are numbered with higher numbers assigned to harder
waxes, so the higher the wax pick number, the stronger the
surface strength of the substrate.

CALIPER/THICKNESS:

The thickness is essential when selecting paper or designing
products. The value can also be used to adjust printing and
finishing machines specifically. Thickness measurement can
also be used to check manufacturer specifications or analyse
unspecified materials. The paper or stack is subjected to a
defined pressure. The distance between the two thrust faces
is then determined electronically.

WATER ABSORPTION (COBB):

Cobb determines the amount of water absorbed by the
paper, cardboard, corrugated fiberboard, paperboard, in
a specified time under standardized conditions. Various
characteristics of paper such as sizing, porosity, etc. are
evaluated by the water absorptiveness. If the COBB value
is high, means substrate has the ability to absorb and retain
moisture. If the COBB value is low, means the substrate can
resist penetration and retention of moisture. The COBB value
has to be maintained as per the need of paper or board. This
test procedure includes a quantity of water absorbed in a
specified time by no bibulous paper and paperboard with a
minimum 0.1 mm thickness.
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WATER ABSORPTION (EDGE WICK):

The edge wick index is defined as the amount solution
absorbed through the edges of test pieces under specified
testing condition. The edge wick index is set by the amount
& type of sizing agent retained in board. Low edge wick
values. In lactic acid one of importance for good product
resistance.

STATIC CHARGE:

The localized electric charge developed during the friction
between two insulating materials such as textiles, rubber,
plastics, paper, dye stuffs, dry organic materials etc. is called
static charge or electrostatic charge. static charges mainly
occur when paper that is too dry is processed in conditions of
low humidity. Static charge in paper tends to stick between
two sheets leads to mis feeding, jamming poor photocopying.

SMOOTHNESS (PPS):

This method differs from other air leak roughness
measurement techniques in that the dimensions of the
measuring land, the clamp pressure and backing material
are chosen to simulate conditions in the nip of a printing
press.To simplify comparison with ink film thickness and
fiber dimensions the readings are expressed in micrometer.

SMOOTHNESS (BENDTSEN):

It is most important parameter for printer. Smoothness is
concerned with the surface contour of paper. It is the flatness
of the surface under testing conditions which considers
roughness, levelness, and compressibility. In most of the uses
of paper, the character of the surface is of great importance.
It is common to say that paper has a “smooth” or a “rough”
texture.

STIFFNESS (TABER):

Stiffness is one of the important indicators to measure the
bending performance of paper and cardboard and is of great
significance for paper applications in different industries. 1t
is mainly used for the determination of paper and can also
be used for thin cardboard.

FORMATION INDEX:

Formation is a critical property for different grades of paper.
Measurements of the flow and fibre distribution properties
in the forming section of an operating paper machine are
related to the resulting paper structure. The Analyzer is
used to characterize the final paper structure in terms of the
formation index and average floc size. A stochastic model
is proposed to provide a basis for interpretation of the final
paper formation.

TENSILE STIFFNESS ORIENTATION (TSO).

TSO is important paper quality that has significant impact
on both performance of the paper machine and the end use
performance of paper or board. When correctly interpreted
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the cross- machine profile of the TSO angel gives clear
direction on how to improve the head box jet flow profile.

TWIST AND CURL:

The shape of paper and board is defined by curl and twist.
Curl is defined as the inverse of the radius of curvature of the
sheet and is positive when the printed side is convex. Curl in
paper and board can cause problems in a variety of printing
and packaging processes.

CASTOR OIL ABSORPTION:

The penetration of oily substances into paper is important in
many grades of paper, for example, the papers to be printed
with oil-based inks, papers to be coated with paraffin, or
papers to be used in contact with greasy foods.

Mechanical Strength Properties.
Bursting strength

Tearing Resistance

Tensile strength

Z-Tensile

Ring Crush

Folding Endurance
Plybond

BURSTING STRENGTH:

* % ok ok Kk * ok

Bursting strength is defined as the hydrostatic pressure in
kilopascal or psi required to produce rapture of the material
when the pressure is increased at a controlled constant rate
through a rubber diaphragm to a circular area, 30.5 mm(1.20
in). The bursting strength provides the manufacturers with the
amount of pressure paper can withstand. This measurement
varies from material to material and can change depending
on the quality of sample being used.

TEARING RESISTANCE:

Tearing resistance indicates the behaviour of paper in various
end use situations, such as evaluating web runnability,
controlling the quality of newsprint and characterizing the
toughness of packaging papers where the ability to absorb
shocks is essential. fiber length and inter-fiber bonding
are both important factors in tearing strength. The fact
that longer fibers improve tear strength is well recognized.
The explanation is straight forward; longer fibers tend to
distribute the stress over more fibers and more bonds, while
short fibers allow the stress to be concentrated in a smaller
area. Tearing resistance/ strengths is the ability of the paper
to withstand any tearing force when it is subjected to. 1t is
measure in both MD & CD, expressed in mN (mili Newton).

TENSILE STRENGTH:

Tensile strength of paper refers to the maximum stretch
a paper can withstand before tearing. 1t is the greatest
longitudinal stress a piece of paper can bear without tearing
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apart. Factors affecting tensile strength include fiber strength,
length, bonding, degree of refining, and the direction of the
fiber.

Z-DIRECTION TENSILE:

This method describes a procedure for measuring the
internal fiber bond strength (z-direction tensile strength)
of paperboard using an instrument that subjects a normal
separation force. internal bond strength provides an
indication of strength of board in relation to glue bonding at
carton side seams and possible Delamination on scoring, or
use of high tack coating.

RING CRUST TESTING:

Ring Crush is a traditional test of linerboard and corrugating
medium strength.  Ring crush measures compression
resistance, and this compression strength is considered to
relate to the eventual compression strength of combined
board made from the component. Linerboard called high
strength or high-performance linerboard is board that is able
to achieve a specified minimum ring crush at basis weights
that are lower than traditional basis weights. This test helps
manufacturers identify any weaknesses in their paper
products, enabling them to make necessary improvements.

FOLDING ENDURANCE (DOUBLE FOLD):

Double Fold is the paper’'s capability of withstanding
multiple folds before it breaks. 1t is defined as the number
of double folds that a strip of 15 mm wide and 100 mm
length can withstand under a specified load before it breaks.
Folding endurance is log of double fold at base 10 (Folding
Endurance = Log 10 (Double Folds)). Folding endurance has
been useful in measuring the deterioration of paper upon
aging. 1t is important for printing grades where the paper is
subjected to multiple folds like in books, maps, or pamphlets.
Fold test is also important for carton, box boards, ammonia
print paper, and cover paper etc. High folding endurance
Is a requirement in Bond, Ledger, Currency, Map, Blueprint
and Record Papers. Currency paper has highest folding
endurance (>10,000). Long and flexible fibers provide high
folding endurance.

PLYBOND:

Ply bond testing is used to determine the internal strength of
paper and board materials. The ply bond test measures the
energy required to delaminate a multiply board structure.
Results are quoted in mJ.

Optical Properties:
% Brightness
Colour
Whiteness

Gloss
Opacity

* ok ok *
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BRIGHTNESS:

Brightness measures the amount of reflectance of a specific
wavelength of blue light. Brightness is measured on a scale
of 0 to 100 — the higher the number, the brighter the paper.
In other words, 95 bright paper reflects more light than an
85 bright paper, therefore appearing brighter. Using the
specific blue light to measure this reflection ignores longer
wavelengths, including green and red. Because of this, two
types of paper with the same brightness can visually appear
very different, even though their “brightness” is the same.
Specifically, the blue light used to measure brightness has a
wavelength of 457 nanometres (nm).

COLOUR:

The shade of the paper is calculated on the CIE LAB model
(CIE L*, a*, b*).

WHITENESS:

Whereas brightness measures the reflection of a very specific
wavelength of light, whiteness measures the reflection of all
wavelengths of light across the visible spectrum. Because of
this, the whiteness measure is more in line with our visual
perception. So, there will generally be a consensus that
the higher the whiteness rating (which also uses a 0-100
scale), the whiter the paper. Using the entire spectrum of
visible light, paper with a very high whiteness number can
appear to have a blue tint depending on what light source
it is viewed under. The most common whiteness measure,
D65 illumination, represents outdoor daylight. This standard
is called CIE Whiteness and was developed by the French-
based International Commission on lllumination (also
abbreviated CIE). Indoor lighting, of course, will change
how white the paper appears, and this will vary even more
between fluorescent and incandescent bulbs.

GLOSS:

It is the specularly and diffusely reflected light component
measurement against a known standard. Gloss is important
for printing such things as magazine advertisements. The
level of gloss desired is very dependent on the end use of
the paper. Gloss and smoothness are different properties and
are not dependent on each other. This method is widely used
as a partial measure of the quality and shiny appearance of
coated paper or paperboard.

OPACITY:

Opacity is the measure of how much light is kept away
from passing through a sheet. A perfectly opaque paper is
the one that is impervious to the passage of all visible light.
It is the ratio of diffused reflectance and the reflectance of
single sheet backed by a black body. Opacity is important in
Printing Papers, Book Papers, efc.
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PRINTABILITY TESTING:

A device used to quantitatively measure the printability
of a paper and make printing ink samples. The concept of
printability is a highly subjective one, and over the years
many attempts have been made to make it more objective,
including the use of printing presses in laboratory conditions,
as well as specific printability testing devices (such as the
Priifbau, 1GT, Huck and Caibang printability testers) to
measure a host of paper properties, such as print density,
paper smoothness, pick resistance, ink setoff, ink transfer,
and many other interrelated properties that affect print

quality.

Other Special testing:

* Burn out

* Kit Testing

% Image density of thermal paper.
BURNOUT TEST:

Burnout Test, also known as Coating coverage test, is a
technique deployed for characterization of coating paper
surface. The Burnout signifies the uniformity of paper coating
coverage. Uniform Coating Coverage is very important for
achieving uniform printability

KIT TEST:

This method describes a procedure for testing the degree
of repellency and/or the ant wicking characteristics of
paper or paperboard. Testing involves placing a series of
numbered reagents (varying in surface tension and viscosity
or “aggressiveness”) onto the surface of the sample. The
solutions are numbered from 1 (the least aggressive) to 12
(the most aggressive. The highest numbered solution that
does not stain the surface is reported as the kit rating.

IMAGE DENSITY OF THERMAL PAPER.

Image density testing for thermal paper involves evaluating
how dark or light a printed image appears, usually quantified
by optical density (OD). Image density in thermal paper
refers to the concentration of the printed image on the paper.

CONCLUSION:

Despite of above testing there are several other testings
are also done to know the different chemical and metal
contamination in the final product to ensure its suitability for
human use. Different chemical suppliers and manufacturers
are also using several inhouse methods for their process
control. Quality testing in very crucial to make the right end
products which will delight the customer.
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