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Effect of Beating and Pressing on Fracture Toughness of Paper

Hye Jung Youn*'and Dong So Shin

ABSTRACT

As the speed of the paper machine and printing press increases, the dependency of the pro-
duction efficiency upon the frequency of web break increases. It is believed that flaw or crack
that presents in paper is one of the most important factor for web break. Runnability of papers
on the paper machine could be evaluated by measuring fracture toughness. In this paper the
effect. of beating and pressing on the runnability was investigated using handsheets made
from softwood bleached kraft pulp beaten to different freeness. Pressing pressure was also
varied to obtain different levels of sheet consolidation. Density, tensile strength, and J-integral
of the handsheets were evaluated. For measuring J-integral either a single specimen method or
RPM method was employed.

Results showed that the density and tensile strength were improved as beating and pressing
increased because of increased interfiber bonding. J-integral increased with beating until the
CSF reached 400mL. No significant difference in J-integral, however, was observed afterward
with the increase of beating. And it appeared to be due to acceleration of the stress concentra-
tion around the crack that exists on the fiber wall of the sheet when cracks exists.

1. M Z 9 AEE o8 2dse
S dh T5% Welols B A 83% AEan
GeiA ST, WUEE AnE JANE Zolnn
Fae NRBE BaAAL AT AN Bt

Roz S vaie 7

AN FHe 334 ExE fodtn 79 £2
o] Folg HuUY AEE Adshe Aol & &

Atk o] ZEY B4E A3 AR A2E 2
719 e 33 AL, 94 71e AT 2 4F 5
489 AL 5 oA PHLE d77 AP
o] & ¥ ohigt gozr A&HAQ ATV} | F
A Aztdnt. LEEL MR ET 2ad

Aefaole] A B2 AH F F4] 333
SR adlEE Alztez: QlE At &4E
ob7lstn, m&EtE 24719 A4 v 2 A)E
Zefed,

AAZHA AL 94 71 8900 FEAHL

« Agitta s AR e 282 (Department of Forest Products, College of Agriculture and Life Sciences, Seoul

National University, Suwon, 441-744, Korea).

*P&7]& AR A4 (Institute of paper Technology, Hansol Institute of Science & Technology, Nasmyang ju, 472-

850, Korea).

134 2} (Corresponding author): e-mail: Page94@hanmail net.



2 44 - A2

2 98 s Yo Basl @ 7K dae
2 FAHe] ofExe, dwdes 2% B
AWAE As 5] 9AL & ¢ e, o 2o
A Fol yol) sk A%, 2 Tolu} BEAH
5o 98 Aol 78 Ae® AAHUTD Ao
A AHol g%l 9¢ Bew o A% F
wo| $2o] AZeA Sol AT o] FEFE B
7 ol ¥ Fo| A ATs} ¥} o

gte 2ol dg Afe o FmE ¥ W

oMz AEe Ado] A He el
o & 233 AR PN = dPpEens
Folg XA A& dEE] oy, weEkA
Aol EAsle Aol tig AEg Hrlst o) &
ool gt} ol g WrM= Ao YU} HlE
9 £449 volHE uReE ¢ SAH Y
I vige] 34 W AA AL dFsn ude
WAL ¢ A Fo] 72 D AL i 2
Ag A E Aztgch, DA Ad dAE o
Z3ly] 4 Hoh Wwyez JAFAT EL
Elmendorf 9972 % &40 F2Z AMEEUT 2
2}, QAT SLe I AFF S| FEH
Ao Pz 7] WEA AR @geoy,
Elmendorf 997 = A4 34 ol Fold
7hlA & e RudhE Aoldlal oY s RE
9 Aol A 270 wE} W] AE Hel F
F 97} WEe] A4z F3tn & & Jvh ¥ 1
2lBg, Fold JAME B A=A Briem 9l
v 3] AP FAe] o] FojAof Frt,

o3 Ay Ee A4 (fracture toug-
hness)2 ol gl BFo| ¢F3) F& Bokga
The) A tis) AdE FA=d, e3¢ An
d 7% A¥erdssa e (linear elastic frac-

ture mechanics, LEFM)& # &3l oA Wy

LR gl = (critical strain energy release
rate, G)9 3H & A4 (stress intensity fac-
tor, K)& H7} A2 AN 79 g8y £o
9} o] brittledt AR Q4L 2H= AR
2% 93 geo] @A FAFA JFHA ¥ F
771 gulE o E24A WE2He duRyE &
A-%%(plastic flow)& B¢ 92 247 W&
d H¥AE 2% AFE FGrlEe Aol w3l
o}, ved A9l 248 J-integral(J,)# essen-
tial work of fracture %°| H7l=l32 S&=d,
J-integral& #EFY o Al B FA
Az el W s VeElE AR gFAHY

- Fol7]E 32(4) 2000

(multiple-specimen method) v WA HY
(single-specimen method) &% 3 d& 3}
F-¥e] S AF dAMsle T & Yot 350
Fole FA7L WS- ghol A HHEAS JElD
FZA o= ojihdoln] EFRYIL TUSA Y2
FE53 540] 7] e gAY S o
T HEZ 7Fo] o}F wlAHA gL Aeolt},
ek Fole] wAIE HrlEk] AT A
A HAQlH Aldye) AAjElejel dln, |49
g 8 e A9U4S M F dE Fo
Az ietel A= A7E oA st

2 d7dME FolY 2A HF F AR 4
gral= el A sl Fole] Bl o
A dgsteA g SIHYT LYNFE 25 1
8 J-integral S E3 B7}stunA skt

2. M2 A Y
2.1 BAME

#7904 2o Pag $2A8 A28 95t
o 49 gRaczlTed T (Sw-BKP)E FAIA
22 Agden, nAEY RFE 3 gole
3 PAM(4E9:CD-5)& BFFEAS 27ist
et

2.2 Ay Uy
2.2.1 =X ME

AP FWAZZEYEE 23-L Valley
beaterd o]&3led 685, 600, 400, 300 2
200 mL CSF7} Fle2 a#siict. 24 nsl¢3
W2 0.5% °l3t2 M9 X5 ERPIAE
ARPE tid) 0.02% A7 F AP $24)7]
(20 cm %20 ¢m, Adirondack Machineif) &
AH-gete] HEk 80 g/m?o| HEE F2[TE F
A¥ A EZ roll sheet press(Adirondack
Machine jit) 2 taste dAr zspg o,
olmf ¢zt e 2, 2.5 3, 3.5, 4x100 kPa
2 dEladct. A" +2A9 B4 Hriep
3l FgF2ddAa 2HAsA



e e A7} Folgl gAY A E IF 3

2.2.2 ataAE

(7h) AgH wE

zHAN Y 29 97T 494 53
93 Fig. 191 AA g wieh o] dog-bone
M2 AJEEE ARGt ol& A|Ho]l 1PE
= gripd 9%S HrEE7] 9T AL 35
ZolZ ZA act. ANHY AFA=S BAAT
2 238 e 790 9 T34 A1EE o83t
o, B @A muliel AEE ol8¥
J-integral?] 24 Alde AW FFH FEH
Zzt 5 mme #¥e] & DEN(Double Edge
Notched) A& ol &35k,

¥ o

(Lh EMMAIE o olBZT &Y

Tgol gle APHY A4 EE Instron &
ole] WA EY(ELERD) & o438l &43sle
W, o] o} dojd EH-AFE A BHEY
71¢7 28 @AA 5 (elastic modulus)E T
ek,

(ch zimelyd 53

A4 E 23S 98] AlH FEFE FUF
5 mme] F4do] gle DEN Al8& o] &sitt
AAE &4 A9 Zo]| AlHe| HE w7tA] ]
}2E 7R 3 20] @R V18719 HY 3
Zo| AY q7ix| e YL T Hl2E AR
& strain €%¥ 5 mm/minol o™ Zh AJH
of thef vl WrEA Pt sar AgEE
gAME AlHe] IR F99 EHS CCD 7iv
Bz #Esach

5min S8mm

1%mm R \

AHmm 140mm amm

Fig. 1. Specimen geometry for the measure-

ment of tensile strength and fracture

toughness.

3o ap
T

diplacement(mm)

Fig. 2. Load against displacement for a
notched specimen. Elastic and plastic
elongations at failur are d.and d,,.

(@h J-integral Al&t

Rice S9 <8t A1A2 RPM method2 ©]$
gt Akt ¥ RPM W2 Fig. 26444
e RS AAY TS o] nElg Aew
sgigare TdER g AlHe] Zo|(b)dl o
§ 35(P)d T2 FYstdod, ALY 4
(1)~(3)ell A= St

J = Jtdy 1)
_ K
Je - E (2)

Jy — @[ " Pd-PO) ()

A714. J : BR29 J-integral(J/m?)
Jo B9 E Y JHintegral(J/m?)
Jp: &4 999 J-integral(J/m?)
K : 2¢8YRA 5 (N/m"5)
E: 84A¢N/m?)
P : Hdatz(N)
8" 243 % (m)

b A¥E W 7EEA %L Zol(m)

t A FA (m)oltt,

FANY A JE AN AT :HF
A (K) e A [4)4d 99 Zojst 74 2



4 £ - AEs

“olg g FolAM, F(I-)#4E Tadad 9
sl AXE A (5)e] 2laf ARART

K = 7 F(2) (4)

2 a3 4
) 1‘122—0.561(27’3)i+0,471(%vi)—0.190(%) 5)

d
" =

714, w : Al Z(m)
2a:F0¥ Zol(m) |t

3. 20t { 13
3.1 2zof ojxle ¥g

nalet AP we o] dxel Wt
Fig. 3¢ veht} stk & dqFe £2d4 ¢
2 o] goldeE ANES EEE A¥FHeR
Z718lg k. AR EE 400 mL CSFY o=
2 w3 N8E e AEE Adstae i
A Eken, B8 asAst HA ¥ 685
mL CSFe A&z e Foldr e &1t}
744 ZA vehgt} o)x Eel dHE A &
As s AR7F g3 g8 Razge] 2A

o
]

o885 mi. CSF o800 ml. CSF A 400 mL CSF
- w300 mi. C6F ¢ 200 ml. C8F

R=00714
2= 0.9269
R m 0.8341

RPN S R =003

/ R 09967

20 25 30 35 40 45 50
P ressing pressure (x 100 kPa)

Density {gicnt)
© o o o o o o
8 &4 8 8 8 g8 3

o
8

-
n

Fig. 3. Effect of pressing pressure on sheet
density at various beating levels.
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Fig. 4. Effect of pressing pressure on tensile
strength at various beating levels.
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Fig. 5. Load-displacement curve((a)) and photographs of sheet surface around the crack at the
fracture processing steps((b) - (f)).((b);at step (D (X 100), (c);at step @ (X 100), (d);at step @)
(X 100), (e);at step @ (X 100), (f);at step & (X 60). 2a/w=0.2, 400 mL CSF, 2 X 100 kPa.)
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Fig. 6. Load-displacement curves for sheets
made from the stocks beaten to vari-
ous levels. ((a);685 mL CSF, (b);400 mL
CSF, (c);200 mL CSF, crack length(2a);
10mm, 2a/w=0.2.)
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gral at various beating levels(2a/w=0.2).
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Table 1. J-integrals of specimens
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2 1.0450 3.9550 5.0000

2.5 1.0600 4,0640 5.1240

685 3 1.0850 4,7350 5.8200
3.5 1.1230 4,7680 5.8910

4 1.0822 5.3107 | 6.3929

2 2.8810 13.6190 16.5000

2.5 3.1640 14.5741 17,7381
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4 3.246 16.254 19.5000
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4 4,5448 17.4847 22.0295




8 83 - AT

ML R Hog A o B ahFA 3
AEE 71&se & leald M. oy =
& AHEAA Jo Eok7t FEE Aes wdd
t}, o]# g A= Uesaka ¢ PFI millS ¢}
£33 A7 FAbsHA Vehted, 258 s
T Z7tel uiel FUIEL FASAT A St
£ 994 (breaking length)Ze. 2] J/pe
Z71etclr} i ol BFQAgo] TAH T
g Auy A S8 A oEsy] Wiel
g3 disigch

Fig. 82 4=9 Jo #A4E yehd zeE
o] & B2]4 A7t R¥7} 0.89 AEE HFH
A AAE Bo] FAYL FA AFI o) HE Ul
A=} Pkl AP (R=0.97) Bt €
e 2HE B FHd.

4. 2 B

A4S BYIRTEP vhekek msfz et
A& 7leted ZAF Folo xS} IFAE
g . 23stn, dUANHEHA Az A9 &
o #¥& Rt 94 A< J-integral
& et 2 29 uEle EAe £l

WEE AR, $¥ AgE golh el &

A7 4 §YEL T/, B3 DEN Al
9] g9y THogBy AUEA 9 A Ho
atzo] Agton) Hu FARE A s 7R
9] Wgo)] Z713He ¢ + AT Fold J&= L
#le} gaA o) we} A2 SrleiA e QA
ol g o= £F ooz wHE AL 4
Z77k dAER R, ol Fug T AP A
L o] 28 AFE B 737 A 7
Q18 Zog A=

ol
—

52,
=)

Ho
rqk

1. Roisum, D. R., Runnability of paper, Tappi J.
73(2):101-106 (1990).

2. Yuhara, T. and Kortschot, M. T., The J-inte-
gral as a parameter for characterizing the
fracture toughness of paper, in “Products of
Papermaking”, Vol. 2., Ed. by Baker, C. F,,
Pira International,pp. 783-806 (1993).

- Fol7lE 32(4) 2000

3.Seth, R. S., Robertson, G., Mai, Y.-W., and
Hoffmann, J. D., Plane stress fracture
toughness of paper, Tappi J. 76(2):109-116
(1993).

4.Broek, D., “Elementary Engineering
Fracture Mechanics”, Kluwer Academic,
pp. 3-31 (1986).

5. Uesaka, T., Specimen design for mechanical
testing of paper and paperboard, in “Hand-
book of Physical and Mechanical Testing of
Paper and Paperboard”, Vol. 1., Ed. by
Mark, R. E., Marcel Dekker, pp. 99-111
(1983).

6. Niskanen, K., Strength and fracture of
paper, in “Products of Papermaking”, Vol.
2., Ed. by Baker, C. F., Pira International,
pp. 691-711 (1993).

7.Begley, J. A. and Landes, ]J. D., The ]
Integral as a fracture criterion, in “Fracture
Toughness. Part 1", ASTM STP 514, pp. 1-
23 (1972).

8. Seth, R. 5. and Page, D. H., Fracture resis-
tance:A failure criterion for paper, Tappi
58(9):112-117 (1975).

9. Westerlind, B. S., Carlsson, L. A., and
Andersson, Y. M., Fracture toughness of
liner board evaluated by the J-integral, J. of
Materials Science 26:2630-2636 (1991).

10. Tada, H., Paris, P. C., and Irwin, G. R.,
“The Stress Analysis of Cracks Handbook”,
Del Research, 2.6-2.7 (1973),

11. Szikla, Z., and Paulapuro H., Compression
behavior of fiber mats in Wet Pressing, in
“Fundamentals of Papermaking’, Vol. 2.,
Ed. by Baker, C. F., Mechanical Engineering
Publications, pp. 587-624 (1989).

12. Clark, J. 4" A., “Pulp Technology and
Treatment for Paper”, Miller Freeman
Publications, pp. 277-295 (1985).

13. Uesaka, T., Okiniwa, H., Murakami, K., and
Imamura, R., Tearing resistance of paper
and its characterization, J. Japan Tappi
33(6):39-45 (1990).

14. Mai, Y.-W. and Powell, P., Essential work
of fracture and J-integral measurements for



8 AR 27} Folo] s W AE 9 9

ductile polymers, J. Polymer Science:Part 16. Page, D. H., The beating of chemical pulps-

B:Polymer Physics, 29:785-793 (1991). The action and the effects, in “Fundamen-
15. Shallhorn, P. M., Fracture resistance-Theory tals of Papermaking”, Vol. 1., Ed. by Baker,
and experiment, JPPS, 20(4):J119-]J124 C. F. and Punton, V. W., Mechanical

(1994). Engineering Publications, pp.1-38 (1989).



