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10/6  History of papermaking

10/13 Pulps — Beating and fiber properties

10/20 Pulps — Additives and functions

10/27 Papermaking processes & interfiber bonding
11/10 Paper- Structural properties

11/17 Paper- Surface properties

11/24 Paper-Wetting and absorption properties
12/1  Paper— Mechanical and optical properties
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Papermaking - wire saglion Papermaking — (wet) press section

< Twin-wire machine

Fourdrinier machine

» A wet web is pressed at high pressure
between large rolls to squeeze out excess
water.

» Water transfers to felts that sandwich the
wet web.

» Pressing increases
density and wet web
strength.

» The common number
of nips is 3 or 4.
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Papermaking — (wet) press section Papermaking — dryer section

WA » Steam-heated cylinders dry the paper with
- canvases.

» Free water evaporates, between fibers first , inside
fibers second, and between fibrils last .

bonding water
nds.

4 Vietnam Paper Corporation (2014)

Papermaking — calender section Papermaking — calender section

» A number of rolls press the passing paper.

» They make the paper surface extra smooth and glossy
with friction, and provide a higher density and more
uniform thickness

Supercalender

Soft nip calender

O O 0O o0

>
Papermaking — calendering effect Types of chemical bond
-Ionic-bond =-a-chemical bond-in-which-two ions-are joined
» Gloss improvement and compression of paper together because one has a positive charge and the other a

negative charge

Covalent bond = a chemical bond in which two atoms share
one or more pairs of electrons that hold them together (ca.
500 kJ/mol)

Hydrogen bond = a weak connection that is formed between
an atom of hydrogen (= a gas) and an atom of another
substance such as oxygen or nitrogen (= a gas) (10~40
kJ/mol)

Van der Waals forces = the relatively weak attractive forces
that act on neutral atoms and molecules and that arise

e ok’ because of the electric polarization induced in each of the

° Number of passed nips Number of passed nips particles by the presence of other particles

» The number of nips is occasionally more than 10. Dipolar bond (coordination bond)

Q. Why is it as many as 10 although only 3 or 4 for wet press? »> Metallic bond

| Basepaper_— |

2|  Basepaper
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Inter-fiber bond
» —Effect of water on interfiber bond formation
Q. Suppose two

crossing flat fibers with F;berW

L pum
a square , length L on a 5
side at the crossing
point. As they dry and

the interfiber distance d
comes to 1 mm, How

much contraction siress

develops between the
= The attractive force is
called Campbell force.

two fibers?

Inter-fiber bond

» - Interfiber-approach-and hydrogen bond -
formation dye to water evaporation

c)
& Cellulose surface

g
NS (&
BRSBTS

{ ) ) Y /U;}\\
Firm hydrogen bond with a water monolayer Direct hydrogen bond

Inter-fiber bond

» Evidence of hydrogenbond
=When paper mass was measured after allowing to
stand in deuterium water (D,0) vapor until
saturation, 0.5 to 2.0 % of hydrogen of all the
hydroxyl groups was not replaced with deuterium.
This ratio corresponds to the percentage of
hydrogen bonded hydroxyl groups.

=Energy required for tensile breakage was calculated.
19 kJ/mol (equivalent to hydrogen bond energy)

=Strength decreased with acetylation of carboxyl
groups Cell-OH — CeII-O-(;.-CH3
(o)

> A4

Inter-fiber bond

» Effect of cell wall thickness on wet fiber flexibility

T —
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Wet fiber flexibity, 1/Nm?
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Inter-fiber bond

» Effect of fiber flexibility on Relative Bonded Area
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Fiber flexibility, 1/Nm?

Forming (Wire section) — Moisture content
=

Headbox

section [ Press Dryer section Calender
Pulp section section
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Pigment coating Pigment coating
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Pigment coating Coated paper surface -
Scanning Electron Micrograph

Basepaper
surface

Coating
surface
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= To increase smoothness, brightness,
opacity, and gloss, and control liquid
penetration

> >

Drying and processing — movie Paper properties —
Fundamental and applied properties

= Conditioning

= Structure

= Surface chemistry

= Liquid absorption

= Mechanical properties
= Optical properties
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Conditioning and test atmosphere

30

Conditioning and test atmosphere

— : aE Hysteresis
<
»23 °C 50% RH (Relative Humidity) < : / 4 Dry paper to half
. o t -7 the equilibrium
» Paper properties depend on s | / /1 moisture content
humidity, but less on temperature b ! Y / and back to 50%
. 5 10 = RH for testing
» although temperature difference 200 — :
oC ch o = » !VIO|sture content
by more than 10 °C changes ex. S is affected by
tensile strength significantly. 0 !

50 o crystallinity

Relanve humndl%y (%)

98 FERER- A 7 v — F OKSIE SRR
(Seborg, C.O. et al, 1938)

Paper structure — basic properties Paper structure — basic properties

» Grammage (g/m?)
» Mass (g) per square meter at 23 °C and 50%RH

» © Grammage (oven-dry basis) is based on the
constant mass attained when kept at 105 °C

Q. Which is higher, single sheet thickness or

bulking thickness?

» Thickness (mm) C n » Density
» Single sheet thickness, distance between two » Mass per unit volume in g/cm? calculated from
parallel planes holding a sheet at 100 kPa grammage divided by thickness

» Bulking thickness, thickness per sheet,
calculated from that of 10 superimposed sheets

» Includes surface roughness (dents)

Paper structure — basic properties Pa_per structure — Why is the thickness
: : different between the two methods?
» Density (grammage/thickness) affected by grammage!?
140 [ T - B
g 120 |- o®° Filter paper side
3 &
@100 - é&@é&
g 80 °°&
= 60
g 40 M Sheets prepared from
< 20 softwood bleached kraft .
. E | | pulp be?Ten mod?rqtely l\{lrl]?éﬁnmeestgr Metal plate side I\/Iherﬁury B
0 20 40 60 80 100 fhickness
> Grammage, g/m? 4
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Paper structure — Factors affecting density
m Beating and filler loading
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Beating rev. (PFI mill)  Calcium carbonate addition

Paper structure — Factors affecting density
m Wet press and calendering
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Wet press Calendering- linear pressure

Paper structure-Scanning electron microscope(1

Paper structure-Scanning electron microscope(2

N — Y g ——
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Copy paper Newspaper

Japanese paper Tissue paper

Paper structure — Smoothness

m Air leak method

m Air flow rate through a gap between

paper surface and smooth metal plate
m Surface profile (Microscopy)

m Surface shape measured using
profilometry such as stylus profilometry,
confocal optical microscope.

m Several ways of expressing surface
roughness
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