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Relationship Between Refining, Wet Pressing and Fracture
Toughness, Fracture Elongation

—Fibers activation and fines activation—
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ABSTRACT

To increase paper strength, refining and wet pressing are performed. Many researches
were carried out to identify the origin of paper strength. Since fracture toughness was
governed by stress concentration, fracture toughness reflects microscopic paper strength.
The aim of this paper is to analyze how paper strength was affected by changes of refining
and wet-pressing. Fiber properties and structural, tensile and fracture properties of hand-
sheets were evaluated. Especially, fracture toughness was evaluated by J-integral.
As the refining proceeds, stock properties maybe divided into two stages such as fibers
activation and fines activation according to freeness. In fibers activation stages, about
750-450 mL CSF, the fracture toughness increased with refining and wet pressing but
in fines activation stages, about 450-250 ml. CSF, the fracture toughness increased only
with wet pressing. It is clear that fracture toughness was affected not only by fibers
properties but also by fines properties in fines activation stages.
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Fig. 1. Basic principle of fracture toughness.
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Table 1. Physical properties of fibers depending on freeness

Freeness (mL CSF) 730 650 550 450 350

length weighted in ‘Whole pulp 1.10 0.99 0.91 0.89 0.79
length (mm) No fines 1.10 0.93 0.96 0.89 0.87
Width (m) Whole pulp 23.65 26.92 27.73 27.171 27.66

No fines 23.65 29.28 30.67 30.16 30.15

Coarseness (mg/m) Whole pulp 094 0.71 0.62 0.59 055
No fines 0.94 0.95 0.68 0.69 0.62
Kink angle (%) WholeA pulp 130.38 131.75 131.09 131.00 130.80
No fines 130.38 132.18 130.81 130.94 130.94

Curl (%) Whole pulp 5.76 5.26 519 5.10 5.07

No fines 5.76 6.57 6.60 6.17 6.02
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Fig. 3. Structural properties of handsheets depending on refining and wet- pressing.

Fozo gHAHo| TA F7457) W] YA
N9 zole] AZE F7tol wet Y 227} A%
Moz WalsA Hrt. AYWA F7te] BHom
A GHRE DT o FHGE Y ARE 4
Aoz e ehEpRe) Az T Hf 2dw
A 3A F7H02 4 Artn woEt.

3.3 1afiet Y=ol mE H|ma| AlEe| e
3|
Fig. 4= 3189} g2kl & zero-span A%

FES ST A A F=9} Page 402 A4k
=g vehd Rojnt. s1sfof| osf H7-9
A Fee S7R @R AE FFE UEY
9, = F2HE gt mhE dR A Bl
Hshe JA UehtA] gherh AR A deiot
dojits 550 mL 2Rl = A AA) dEe 5

20
® [025% m 30% O135%]
T
o1
T
re °
°w
@ 4
N
0

730 650 590 450 350 250
Freeness (L CSF)

74 YA, o)% Tslo] ojsiA 469 Aw
wishe et gb7] whiel) 550 m ol el e
of ohE g0l BHHQ WBE X L Fom
worETh A7 28 AR A9 e 2 oz
F7bol ek BE F7bhe A% vehgleh 3
o] A9 wuash wAE B Sol ofa) Aezr
2% 4 2 2 WAL S/ o, U
o A9 AW ] £8 AAE T 447 W
2 WANA AT s Aol BUHA WE
oletn gt

n3loh GF Aol a9 A4 et 2%
& FINPNE 7P AR Ao AR S a3 T
©2 Fig. 5% 13iek g1t H2lof ojaf Fole) o
7 B4 F7hek AW Uea vk 4EA
=49 Qe BAASE of4E 77| BAY
| mae kol wet Z7bshe A UeiA

3¢

o

N
s

|D25% m 30% O 354

-
@]

1
s 0 N

Bonding strength (km)

o

730 650 50
Freeness (mL CSF)

450 360 280

Fig. 4. Fiber and bonding strength of handsheets depending on refining and wet-pressing.
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Fig. 5. Tensile properties of handsheets on refining and wet-pressing.
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Fig. 6. Effect of refining and wet pressing on fracture temsile properties.

et 24 A2 W ulAlEe] Z7kee] et X
29 43 TAHo| F71y] WRoletn ety
o}
Fig. 7 2ajot oh3el) 2 s Q4 Wsts
ekl 2o A6 B4 T e 8 72
o Tk Qhatell W nhy Qo] thE AL
ehgich 2 A9 B4 Tl Tshel] met
a3 Q14e] Z7HsHAEE Aol mE Z7t el
o) ghe uhe, Al B4 FrelAE e
R AL 1) Skl whet v 214
o ZHASHAT AR AZE F7tol whet ThA] F
7bshe %S Uehin gtk & 5V 8] of
3 o7 Q4 WsjolA T Tafo) ofs) Tl
4 27te] B8l 4% ¥Y 5 2L 4% A
o Akl 3 Alg U 5 AFoR 43ty
L, B AR B4 AR 48 AR FEE
Tallel SfaA Azt 2A e s Ho
A AA 0 Bl gAY BE skl 3t
w4 F7t Estucts, QoA Qlgat w2
o zafell ojs) Z7hElE mlAle] A U =
A4 Be] SR Aol HAA ghay] BE

i O

of g7 Qlgol E3tEe AL= wuddn

4, A
#21717] 9% 7h 712 A
PARR

A AY FEo| whet gakx|

i

12
° [025% m30% 035%|
g __ 10
3E
o X
sE°
o £
g 2
L
0

730 650 550 450 350 250
Freeness (mL CSF)

Fig. 7. FTI of handsheets depending on refining
and wet pressing.

o, J1gjet ¢FERE o] & QIAE BE FTHII=
< AR A" Azl AAHAEH e vl
o} vl g)ell wet o] g Folo| F=A AF
g 2 AEE Tl 558 5 e AL
A9 mHy] BE B AYH] ] Frof o3
A A=l Fol9f mhy] ZFmof glojA s1sje 9
3 AR Feol T2 Gojube AR 84 9
A4 /7t Fo) 2w wiste] Alojxvh A&
W mjA 2o} Zrtshe oAl &4 dAIY B F
o] 7= Wzly) U2 ARt Rk A/ Abol
o Exzh= oAl RS AFel oa AuiEE AL
2 o

flo Hr L&
Lo ot

ud

1. Smook, G. A., Handbook for Pulp & Paper
Technologists, pp. 193-249 (2002).



e} Aol o3 k3] 943} v NAES] W3} 15

2. Cox, H. L., BRIT. J. Appl. phys., 3(3): 72-79 (1952). 6. 71=7], st gar AEH, YAESTAL (1990).

3. Van Den Akker, J. A., Structural aspects of bonding, 7. Seth, R. S., Measurement of in-plane fracture tough-
Tappi J. 42(12):940-947 (1959). ness, Tappi J.78(10):117 (1995).

4. Page, D. H., The meaning of Nordman bond strength, 8. S8, A3, 082} 4A Z 27t Fo) o) 11 Q)
NPPR J. 17(1):39-43 (2002). Aof ux= A8, J. of Korea Tappi 32(4):1-9

S. Anderson, T. L., o) 4, 2134 <7, o3 ¥ &t & (2000).
7 7%, =S A AALE, pp.23-50 (2000).



