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4/15 History of papermaking

4/22 Pulps — Beating and fiber properties

5/9, Fri  Pulps — Additives and functions

5/13 Papermaking processes & interfiber bonding
5/20 Paper- Structural properties

5127 Paper- Surface properties

6/3 Polysaccharide chemistry by Assoc Prof Akiko Nakagawa
6/10 Paper-Wetting and absorption properties

6/17 Paper— Mechanical and optical properties
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Recent trend of paper science and technology

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

0.8
™
(S 0.7
L
@ 0.6
2
2 05
a
0.4
& & N S & «
R o S & & &
& & N & 2 w
> Q° © & Q N3
oF " & o e
® o &
Wet press Calendering- linear pressure

Paper structure-Scanning electron microscope(1
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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

Paper structure — Smoothness

» Surface profile can be measured in 2D or 3D.
» Stylus, light beam, electron beam, or probe

= Centerline average roughness
(arithmetic average)

Y
R = ZJ.O |y|dy
= Root mean squared roughness

L I e RMS = V%ijZdy
l

dy

Paper structure —Smoothness of coated paper
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Paper structure - Formation

= Formation
m [Definition 1] Unevenness sensed visually when
white light is transmitted through paper — STD or

v Ofw

Transmitted light

log(lo] 14 2

T M

= [Definition 2] I B, | By i
Distribution of :

local mass -

STD or CV of
local mass Paper Ig g |

o
Irradiating light

» STD=Standard deviation, CV= coefficient of variation

Paper structure - Formation

Time until dehydration (s) 10 120
= Transmitted light

images of softwood §
pulp sheets .
= Formation becomesg ZS
(F) by cationic g =
polymer addition L
and increased time S
until dehydration &5
= Cationic polymers Z

increases fiber
retention.

4

Interaction- between paper and water (liquid)

» Wetting

» Contact angle

» Surface energy

» Sizing degree

» Liquid penetration
» Swelling
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Surface chemistry - Contact angle

= Contact angle (6)

m The angle made by the solid and liquid surfaces
when a liquid droplet is placed on a solid

surface.
= When 0°< 8 < 90°, “wetted” and when 6>90°
“unwetted”. "
= Young equation
= When the contact angle 7

is constant, horizontal

¥ ¥
Y= ¥+ ycos =0

components of forces
are balanced.

Surface chemistry - Contact angle

= Contact angle on a rough solid surface
m Supposed that the area including

microscopic structure is r times larger
than the apparent one,

m Wenzel's contact angle

cosg,, =r cosé

Surface chemistry - Contact angle

s\Wenzel's equation cosé,, =r cosé

m On a rough surface, -
when g, < fat < i oma
90°, easily-wetted = [ e
surfaces become :
more easily-wetted.
But, when g, > Gat

120 &
» Hardly-wetted

RO DR Ow

6> 90°, hardly- «© “

wetted surfaces 5 Easily-wetted
become more hardly- )

wetted. 0 30 60 90 120 150 180

HOEMAO

Contact angle of paper - Beating effect
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Beating and smoothness

Hardwood kraft pulp sheet » Surfaces
— smoothed by

“ 20 beating

g ' became easily-
-.=§ 15 wetted.

g 10 ‘
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Surface chemistry - Contact angle

= On composite surfaces
m The effective contact angle 4. is dependent on
the areal ratio of each component.
= Cassie's law
= is stated as ‘COSHC =Q,c0s6, +Q, 00592‘
, Where @, is the contact
angle for component 1 with
areal fraction Q, and &, is
the contact angle for
component 2 with areal

fraction Q, (Q; + Q, = 1). [Component 1| [Component 2]
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Surface chemistry - Contact angle

Q. What is the contact angle 8. of sized paper?

m Sizing agent need not cover the whole surface
of fibers for repelling water. If a sizing agent
covers 5% of the whole surface, what is the
contact angle 7?

m Assume that @is 0° for unsized fibers and 120°
for the covering size.
mcosg. = (6 |X cos0° +

| (H) |X cos120° Y --=-~¢-~=-
cosd, = = 0. 925 Size

.= o

>

Surface chemistry - Contact angle

Q2. What is the contact angle 8. of sized paper?

m Half the volume of paper is air. If 50% of
paper surface is air, what is the 6.?
mAssume that 4. of a true surface of sized
paper is 22.3° and 6 of air is 180°.
m0s6, = (K) Xcos22.3° + (K) X cos 180°
cosf. = () X L) |+ XM
= (N)
8.= ()

Surface chemistry - Contact angle

m Comparison in Water absorption

Parchment Wood-containing paper

» “wood-containing” means “made from mechanical pulp”

Liquid absorption theory - Capillary model

= Force developing around
a meniscus of a liquid in

a capillary (pipe) >\<

P=F/s=2ycos@r

F=2ar ycos@
= Steady flow in a pipe

o= Prt
&l
I: Capillary length
r: Capillary radius
n: Liquid viscosity
Q: Volumetric flow rate
(Hagen-Poiseulle equation)
»

2nr
S=nr?

Liquid absorption theory - Capillary model

Q. Substitute the relation represented in the figure into
the H-P equation and develop the Lucas-Washburn equation.
= H-P equation
Prt| |P=
a7l

= Lucas-Washburn equation

| = rycosé
\/ 2n

2ycosé
r

Water absorption rate - How to measure

= Bristow’s apparatus
A liquid supply head filled with
a liquid of volume V scans

paper at various speeds v.

\
1 mm (b)

IS 15 mm (W)
=

» Contact time t=b/v
Scan speed \Y
Slid width b

» Transfer Vol  V,=V/(wL)
Liquid volume ~ V
Slit width w
Tracelength L
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