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PROJECT NO. 3467

PROCESS, PROPERTIES, PRODUCT RELATIONSHIPS
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OUTLINE

PROJECT OBJECTIVES

OUT-OF-PLANE FLUID-FILLED WHEELS SETUP:
- Signal processing

- Frequency domain analysis

- IN-PLANE ULTRASONIC ROBOT TESTER:

- Polar diagram lean angle accuracy

= FUTURE WORK
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Slide Material

PROJECT OBJECTIVES
- Investigate physical properties of paper
and board materials.
- Relate measured parameters to end-use performance.

- Relate measured parameters to machine and

process variables.
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. OUT-OF-PLANE FLUID-FILLED WHEELS SETUP
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Reference signals (captured without paper):

ty =dhvg
= @d+2 dl)/Vf

ty = (d + 2 dp)/vy

Paper signals:

ty'= At+(d - Ad)Nvg

ty= At+(d - 2dy - Ad)/vg
t3 = At+(d-2dy - Ad)/vg

iy = 3 ty

Slide Material
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Apparent sound velocity in fluid:

ve = (2d)/(Aty) 4 At3;)
Caliper:

Ad = v(Aty - (Atyg + At33)/2)

Ad =d - v(Atyy + At31)/2
Transit time:

At = Aty + Ad/vg

At = Atgpr + (Ad - d)/vg

Sound velocity in paper:
vb==Ath
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Reference transient signals
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Reference transient signals
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XCHW method: Ref #
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Relative magnitude
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Reference transient signals
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Sample H (cal.: 1103.4 um)
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7

IN-PLANE ULTRASONIC ROBOT TESTER:

---> Polar diagram lean angle accuracy

- Typical polar diagram simulated by an ellipse

- For a predicted lean angle, polar diagram data points

computed as a function of selected stepping angle

- Lean angle calculated using maximum moment of inertia

S eI

n




Cl—

]!
S~
1 ©
i
D
=
. SN
N ©
) O
1 N
o
A ., L 1 . | 1 1 i 1 1 i i 1 i 1 1 | L (@)]
5 AoDinooD s|bup Jpjod sup|d—u)
m |

o N e GV AU



Project 3467

oare s

-25- Slide Material

i :“i
]"
#i
l{p
-
R {1
1
4

FUTURE WORK
- Out-of-plane fluid-filled wheels setup:

- Continue signal processing development
- Continue frequency domain analysis

- Investigate dispersion and sound attenuation
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FUTURE WORK
- Fiber orientation anisotropy in paper:

- Improve microwave attenuation instrument
to perform polar diagram measurements
- Compare in-plane microwave and ultrasonic

polar diagram measurements
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FUTURE WORK

- Investigate elastic properties of paper

submitted to microwave plasma etching

- Explore acoustic radiation pressure effects

on- fluid suspended fibers
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STRENGTH IMPROVEMENT AND FAILURE MECHANISMS
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Project 3467

COMPRESSIVE STRENGTH IMPROVEMENT

RAW MATERIALS:

* : Evaluation of Fiber Potential

* High Yield Hardwood Pulps

* Inter & Intra Fiber Reinforcement

PAPERMAKING PROCESS:
* Refining

* Fiber Orientation

* Farming Consistency

* ‘Wet Pressing & Drying

CORRUGATING:
* Forming Losses
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FORMATION MEASUREMENTS
) * Visual Uniformity
* Converting and End Use Performance
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INHERENT VARIABILITY IN BETA PARTICLE ‘O_ocz_q_.zo

Counting Time Beta Counts Coeff. of

Variation
3 secs. Average %
| 2 - 44988 | 0.48
- 108877 0.24

Project 3467
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Ln BETA COUNTS

'NATURAL LOG OF BETA COUNTS
VERSUS GRAMMAGE
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NATURAL LOG OF BETA COUNTS
- VERSUS GRAMMAGE - TISSUE
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% COEFFICIENT OF VARIATION
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RECIP. COEFF. OF VAR. FOR LIGHT AND
BETA VERSUS VISUAL RANKING — TISSUE
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Ln BETA COUNTS

NATURAL LOG OF BETA COUNTS

VERSUS GRAMMAGE — NEWSPRINT
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RECIP. COEFF. OF VAR. LIGHT VERSUS
- COEFF. OF VAR. BETA — NEWSPRINT
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RECIP. COEFF. OF VAR. FOR LIGHT AND
BETA VERSUS VISUAL RANKING — NEWSPRINT
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DEPENDENCE OF PAPER PROPERTIES ON FORMAT|ON

* Caliper

* Elastic Properties

-42-

* Tensile & Fracture Properties
* Porosity

* Smoothness

Project 3467
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OUT-OF —PLANE MODULUS VERSUS
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OUT—-OF—-PLANE MODULUS VERSUS
IPST APPARENT DENSITY — OFFSET FURNISH

S1ide Material
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COEFF. OF VARIATION, Vz~2
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COMBINED STRESS MEASUREMENTS

* Corrugating

* Calendering

-48-

*  Adhesive Joints

* Paper Tubes

Project 3467
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VARIATION OF STRESS WITH ANGLE

\

FAILURE STRESS MPa
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Mean V~2 (km/sec)”2
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LONGITUDINAL OUT-OF-PLANE MODULUS
VERSUS APPARENT DENSITY
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INTERNAL STRESSES IN PAPER AND BOARD

* Elastic Properties

* Strength Properties

-54-

* Dimensional Stability

* Curl

Project 3467
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LAYER REMOVAL TECHNIQUE FOR MEASURING RESIDUAL STRESSES

U N -

Layer Removal Techniques:

Surface Grinding
Excimer Laser
Plasma Etching
lon Milling
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MICROWAVE
APPLICATOR

SILICA GLASS
WINDOW

———.
N ] TO VACUUM
L// —‘RJ PUMP
ROTATING SAMPLE MOLDER
‘ (HEATABLE)
PLASMA

PAPER SAMPLE
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STUDENT RELATED WORK

A 190 Research Projects

1. "Non-—destructive Measurement of Aging" — Andrew Kao

-58-

2. '"The Effect of Internal Stresses on the Modification
of Paper Properties by Calendering"” — Renee Ebert

A490 Doctoral Research

1. "Strength Development through Refining and Wet Pressing"
— Thomas Bither |

Project 3467
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INTERNAL STRENGTH ENHANCEMENT
PROJECT 3526

ROBERT A. STRATTON
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Tape

Sample
with
Tape
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FRONT VIEW
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PULP PROPERTIES
YIELD. % KAPPA NO.
47.5 34.7
51.2 42.2
60.4 116.0
80.7 167.0
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- PULPS

FREENESS, mL CSF

685
740
750

780
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600
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350

340

350

340
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1)
2)
3)
4)
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FACTORS DETERMINING SHEET STRENGTH

FIBER PROPERTIES - STRENGTH AND LENGTH
BOND STRENGTH

BONDED AREA

FIBER AND BOND DISTRIBUTION
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RELATIVE BONDED AREA
RBA = (A, — Ag)/A, |
A, = AREA OF COMPLETELY UNBONDED SHEET
Ag = AREA OF SAMPLE SHEET

ASSUMPTION: A = kS
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" RELATIVE BONDED AREA

RBA = (5, - S)/So
So = Scattering from completely unbonded sheet

S = Scattering of sample sheet

Slide Material
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coeff., m2/kg

" scat.

-69-

PRETEST SCATTER vs

40
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y = 33.467 - 4.53%6e-3x R"2 = 0.937

0

1 e 1 v )
1000 2000 3000
Modulus, N/m2

-y

i
4000

5000

Slide Material

® 47%Yield




Project 3526

ZML, kg/sec m2
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OUT OF PLANE LONG. ACOUST. IMPEDANCE

0.4

)
A
0_3- a /
a )
a ¥
a %o
0.2 o .®
0.1 ~
0.0 T -r T v T v T
0 .50 100 150 200 250
Z-Toughness, J/m2

Slide Material

© 47%,U
® 51%,U
| 47%,7

® 51%,7T

o 60%, U
a4 60%,T

& 80% U

e 80% T




Project 3526

kg/sec m2

ZML,

-71-

OUT OF PLANE LONG. ACOUST. IMPEDANCE

0.4
=
°
L
0.3 4
ou
® .-0
b
nS o8
0.2+ “.;gﬁzg'
it
-
0.1 - ;;:o ©
'S
1 [ ]
-
0.0 T ~r Y T T -
0.0 0.2 0.4 0.8 0.8 1.0

DENSITY, g/cc

Slide Material

47%, U

® 60%,T

51%, U
| 47%, 7T
® 60%, U

® 51%,T

4 80%, U

A B80%, T




Project 3526

kg/sec m2

ZMS,

-72-

S1ide Material

OUT OF PLANE SHEAR ACOUST. IMPEDANCE

0.18

0.16 4

0.14

0.12 1

0.10 1

0.08 -

0.06

0.04

0.2

0.4 0.5

DENSITY,g/cc

0 47%,U
B 47%, T
& 51%,U

& 51%,T

G G W




N S O EE G ay B G R B b & G EE e A aE e

Project 3526

J/m2

Z-TOUGHNESS,

80 4

-73-

Z-TOUGHNESS vs. RBA

120

. y = 8.3865 + 193.37x
100 -

60 -

40 4

R*2 = 0.678

RBA

0.3

0.4

0.5

Slide Material

B 51% W, U




Project 3526

PULP
Whole
Whole
Class.

Class.

-74-

Slide Material

DEPENDENCE OF Z-TOUGHNESS ON RBA

TREATMENT
No
Yes
No
Yes

dG,/d RBA, J/m2
AVERAGE S.D.
170 20
530 40
50 10
230 30




'
1'
\

¥

Project 3526

J/m2

Z-TOUGHNESS,

Z-TOUGHNESS vs. DENSITY, 47% YIELD, C

-75-

200

100 -

y= 10.771 + 41.900x R*2 = 0.642

y = - 4.0410 + 203.56x R*2 = 0.883

0

T T v

.0 01 02 03 04 05 06 0.7 0

DENSITY, g/cc

v

T
.8 0.9

-

Slide Material




Project 3526

Jim2

Z-TOUGHNESS,

Z-TOUGHNESS vs. DENSITY

400
°
°
300 - Iy
.
LN
1 =
L
°
200 - 4l .
& u
. ‘0030
. o3
,-.l_’ .
‘.0 ’ ’
100 - L o a” °
A oot fop o
a B e @ °
] A .i%mﬂow
|ﬂaﬂpo %0 © : °
g g @ °°
0 I ¥ v | v I
0.0 0.2 0.4 0.6 0.8

DENSITY, g/cc

1.0

Slide Materia]

© 47%,U
® 47%, T
© 51%,U
® 51%7T

D 60%, U

A 80%, U

A 80%T




Project 3526

Slide Material

TENSILE INDEX vs. Z-TOUGHNESS

8 B80% Yield

100
o

A o]

8  60% Yield

TENSILE INDEX, Nm/g

A 47% Yield

100 200 300 400 a

0 -t T = A = - T
0

Z-TOUGHNESS, J/m2

e

i

- B MR e I - - - -




Project

TENSILE INDEX, Nm/g

-78-

TENSILE STRENGTH vs. EXTENSIONAL STIFFNESS

80

Slide Material

€0 +

40 -

20 A

Et INDEX, Nm/g

8000

47%, W

47%, C

51%, W

51%, C

60%, W

60%, C

80%, W

80%, C




Project 3526 ' ~79- Slide Material

TEA vs TENSILE - All Pulps

3000

2000 - L 4
L

1000 -

TEA INDEX, mJ/g

100

TENSILE INDEX, Nm/g

|

\ l
¥
i

e = O — e St s ia s s e e o




Project 3526 -80-

STFI INDEX, Nm/g

STlide Material

COMPRESSIVE STRENGTH vs. Z-TOUGHNESS, 50% RH

30
l: i ‘o
ab & ,
20 nn e
O 47%,W,U
a &
® 51%, WU
[
o0
R & 60% WU
®
10 + a
A
Ao
0 L L T N T G
o] 20 40 60 - 80 100 120

Z-TOUGHNESS, Nmig




Project 3526 Slide Material

COMPRESSIVE STRENGTH (50% RH) vs. Z-TOUGHNESS

40
‘@ 47%,U
| 47%, 7T
. ]
° “
A B & 51%,U
© é .
§ A 51%,T
X ° 60%,U
g
Z ® 60%T
Ty
-
[72)
© 80% U
. e B80%T
0 N T T - =T -
0 100 200 300 400

Z-TOUGHNESS, J/m2

X
“l
;
il
|
|
l
H
J
i




Project 3526

-82-

Slide Material

COMPRESSIVE STRENGTH (50% RH) vs. TENSILE STRENGTH

STF! INDEX, Nm/g

40

L ]
- a
” .
[ )
a

20 ®

10 A $ o0

0 . 20 40 60 80

TENSILE INDEX, Nm/g

100

. 0 47%,U
8 47%, 7T
a 51%,U
& 51%T
© 60%,U
® 60% T
© B80%, U

® B80%T




Project 3526

-83-

Slide Material

COMPRESSIVE STRENGTH (90% RH) VS. Z-TOUGHNESS

STF1 INDEX, Nm/g

20 4

10 -

o
[
4 o 4
. ® o Ao
. s w240 a
;E:?gs:' el s
..‘:- R ’ ® .
o8 T A
g W00 ©
sl
T M 1 M ] v
100 200 300 400

Z-TOUGHNESS, J/m2




Project 3526 -

DENSITY vs. % FINES

0.8

y = 0.57100 + 7.4667e-3x R”"2 = 0.999

| » = 0.56600 + 8.1333e-3x R”"2 = 0.986

|
!
| 0.7 - °
| b
®
>. -
g
0
4
w
e 0.6 -
05 1 Y L M ]
0 10 20
% Fines

30

Slide Material




'-“‘""-'-"--------

Project 3526 Slide Material

-85-

TENSILE INDEX vs. % FINES

80

704 _—

60 - E,/

TENSILE INDEX, Nm/g

% Fines




ST

Project 3526

J/im2

Z-TOUGHNESS,

-86-

Z-TOUGHNESS vs. %FINES

300 - y = 36.700 + 2.4267x R"2 = 0.994

y = 67200 + 7.8267x R*2 = 0.968
1

0 10 20 30

% Fines

S1ide Material




l Project 3526
| .

Et, Nm/g

-87-

EXTENSIONAL STIFFNESS vs. % FINES

7000

, 6000
5000 -
¢
4000 T v T v
0 10 20 30
% Fines

Slide Material




Project 3526 -88- Slide Material

DETERMINATION OF SPECIFIC Z-TOUGHNESS

400 =y = 33.077 + 224.75x R*2 = 0.868

y = 50.824 + 876.17x R*2 = 0.85)

o~

E

5

3 B 47% U
W

z .
g o 47% T
>

(o)

0

~

0.0 0. 0.2 0.3 0.4

delta OCA, m2/m2




K

¥

b4

Proj |
roject 3526 S1ide Material

-89-
{
SPECIFIC Z-TOUGHNESS
| SG,. J/m2

YIELD UNTREATED TREATED
47 230 670
51 330 &00
60 | 280 990
80 300 290
AVERAGE: 280 760




< wia

BOARD PROPERTIES AND PERFORMANCE

SLIDE MATERIAL
FOR
PROJECT 3571

TO THE
PAPER PROPERTIES AND USES
PROJECT ADVISORY COMMITTEE

March 21, 1990




Slide Material

-92-

Project 3571

Ccb

MD



o
=
3
[1+]
=
S
n
SINGLE- SINGLE-
FACE FACE

DOUBLE-
FACE

DOUBLE - »
FACE

-93-
l 4
//
”~ " ~)
”~
4
MW
: ”~
”~
”
l/

~
uw
o
-
(8]
2
m a) Liner polar angles in b) Liner polar angles in s’
same direction ouuomﬁa direction




Prod
roject 3571 _94-

Ut ‘H19N3T

o

'saaqsap @
SeaUbap § ¥

S99U63P @1 .4~

SOSUESP ST == 3)150dd0 I1ONY HINIT

J1I1d0dd ddgM dd90d a3 IgWOod

1

Ut ‘HIdIM

Slide Material

I_

2]

T B
o=}
2

2

b

t




Slide Material

05-01 (Linerboard)

10

-95-

POLAR ANGLE

11 13 15 17 19

CROSS MACHINE POSITION - FRONT TO BACK

Project 3571

-




Stide Material

8
7

s o

W S

z
wl .

mw mwmm mw 1- \\\\////

3 A /) .

O o\>/\ A JANEV,N
S ANAVAVAN
|umw . ;

Front Lenter Back

LROSS MACHINE POSITION

Project 3571



.

g
Ll _
5 5|
) \
< 4 VKVGDQDV\><\ /\\/ ><><\
3 V
v S| |
. < [ranslation (t)
_ 1 |
T 0
- H -
-2

Front Lenter Back

CROSS MACHINE POSITION

Project 3571




Slide Material

+ Jranslation

Direction of wire

w5/ /)

-98-

Direction
Jet Flow

Front

Headbox

Back

Project 3571

w.




Slide Material

-99-

CD

Project 3571




Slide Material

-100-

Rotation (r)

POLAR ANGLE

Front Lenter Back

CROSS MACHINE POSITION

Project 3571




- + Rotation
| Direction of wire
A | |
Direction of “
Jet ﬂwosw | |
; Front Headbox Back




Slide Material

MD MD MD
W /.m *®uo O
: | CD CD CD
rront  Center Back
o O N U o9 o a8 G . ' oS S o e o N e b

\

"



Project 3571 -103- Slide Material

COMPONENTS OF POLAR ANGLE VS. POSITION
CURVE

1. TRANSLATION, t

2. ROTATION, r

3. VARIATION, o

EE - ==




Pr‘oject 3571 -104- Slide Material

EQUATIONS
Y=MX+B
POLAR ANGLE = M (CROSS REEL POSITION) + B
TRANSLATION = M (CENTER POSITION) + B
ROTATION = ARCTAN (M)

VARIATION = STANDARD DEVIATION
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SUMMARY OF RESULTS

~ RANGE
TRANSLATION

+ 0 to +8.72

— 0 to -5.3
ROTATION

+ 0 to +37.6

- 0 to —-30.1
VARIATION

0.72 to 2.00

NO. OF MACHINES

1 (>3
1 (&2

(>20)
(>20

N ~J
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SAMPLE

01-01-26RA
01-01-33A

05-01-33A
0S-01-42RA
05-01-69A

06-01-42A
06-01-69A

16-01-26R
16-01-33A

TRANSLATION
t

.19
S5.70

_0- 52
-1.27
N. S.

-5. 31
_40 BE’
1.09
1.89
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ROTATION
r

33. 4
34. 2

33. 4
37.6
Nl S.

17.2
20.8

25. 6
N. Sl

Slide Material

VARIATION
sigma

1.21
1.20

1. 30
0. 90
2. 00

1.41
1. 49

0. 97
0.99
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Variable

Freeness (CSF)

Wet Pressing

-109- Slide Material

Variables Studied

Level
250 325 400

LM LM LM

Strength Additive (%)1 0.5,1%

Speed (fpm)

200,400 200,400 200,400
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Heat Capacities of Water near a Vanety

of Surfaces at 25°C
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R

Bulk water
Porous glass
Activated carbon
Zeolite
Diamond
Collagen®

Egg albumin?
DNA“

Artemia cysts®

-115-
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9 See references listed in (10).

Heat capacity (cal/g°K)

L

1.00 = 0.08
1.27 £ 0.20

k

.28 =+ 0.03
21 £ 0.03
.20 £+ 0.08
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EQUATIONS
Y = MX + B
POLAR ANGLE = M (CROSS REEL POSITION) + B
TRANSLATION = M (CENTER POSITION) + B
ROTATION = ARCTAN (M)

VARIATION = STANDARD DEVIATION
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SUMMARY OF RESULTS

S1ide Material

RANGE NO. OF MACHINES
TRANSLATION .
+ 0 to +8.2 1 (5)
- 0 to -5.3 | 1 (>5)
_ ROTATION
g + 0 to +37.6 7 (>20)
| — 0 to -30.1 2 (>20)
VARIATION |
0.72 to 2.00
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SAMPLE

01-01i-26A
01-01-33A

05-01-33A
05-01-42A
05-01-69A

06-01-42R
06-01-69AR

16-01-26R
16-01-33R

TRANSLATION
t

.19
S5.70

-0. 52
-1.27
N. SI

-5. 31
-4, 82
1.09
1.89
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ROTRATION
| o

33. 4
34.2

33. 4
37.6
Nl S.

17.2
20.8

25. 6
N. S.

S1lide Material

VARIATION
sigma

1.21
1.20

1. 30
0. 90
2. 00

1.41
1.49

0. 97
0.99
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Variables Studied

Variable | Level

Freeness (CSF) 250 325 400
Wet Pressing LM LM LM
Strength Additive (%)1 0.5,1%

Speed (fpm) 200,400 200,400 200,400

EE o .




70

Slide Material

65

I1b/in

WP, REF
A
PAE

60

a5

-11iv-

50

45

ECT-20%,

40

15

Proiect 3571

20

T
23

30

33

CO STFI of Medium 1b/in




40

S1ide Material

WP, REF
35

=
0
30 = _U\l\\MMH\w

25

A
PAE

1b/1in

-111-

20

15

ECT-80%,

10 I I I
15 20 25 30 35

CD STFI of Medium, 1b/in

Project 3571

“ .
/



Slide iiaterial

70
| _ _
- 50 = mgnmo\.
-
N ECT-90%
N 50
—
m D
B - 40
Tllu
) 7 3
L1 30 A - 2
| &
20 | l l .
15 - 20 25 30 35

CO STFI of Medium, 1b/in

Project 3571

. m
S U SN I (N OGN UGS G Wy -GN G N W R Gy B AN .




100
mA ...I. A A -
) WP, REF
Q- 80 N A
| . . PAE
th_Hu OD\\ - DMb
s
T O 40P
=
IR
F :
O—— T - ! ! | |
= 80 85 S0 g5 100 105 110 ]
w MU Tensile of Medium, 1b/in.

L



FUNDAMENTALS OF PAPER SURFACE WETTABILITY

SLIDE MATERIAL
FOR
PROJECT 3646

TO THE
PAPER PROPERTIES AND USES
PROJECT ADVISORY COMMITTEE

March 21, 1990

- e AT b e e e - ————— - e




Heat Capacities of Water near a Vaniety

of Surfaces at 25°C

S]fde Material

Substance

Heat capacity (cal/g°K)

Bulk water
Porous glass
‘Activated carbon
Zeolite
Diamond
Collagen*

Egg albumin®
DNA*“

Artemia cysts®

-115-
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2 See references listed in (10).

1.00 = 0.08 _
1.27 £ 0.20
.28 = 0.03
21 £ 0.03
.20 = 0.08
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1.26 = 0.06
1.28 = 0.07
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