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ABSTRACT

Paper consists of fiber network and paper properties were highly affected by fiber characteristics.
Many researchers have tried to relate fiber and paper properties. Softwood and hardwood fibers are
quite different in their properties. Generally, softwood fibers are longer and more flexible than hard-
wood fibers. At present, many paper mills make mixed paper with softwood and hardwood fibers
except for special grade.

During fracture some fibers are broken and others are pulled out. In this paper, the number of broken
and pulled out fibers during fracture is analyzed depending on the mixing ratio of softwood and
hardwood fibers. Fiber length, curl, kink, coarseness, WRV and formation index were measured.
Double-edged notched samples were prepared to observe the number of broken and pulled out fibers.

Mixed paper strength was decreased with increasing hardwood fiber’ s ratio. During fracture, soft-
wood fibers were more likely broken and hardwood fibers were more likely pulled out. The strength of
paper which consists of softwood fibers was determined by fiber s broken strength and that of hard-
wood fibers by fiber' s debonding strength. Paper strength was changed depending on the fiber s
bonding capability. If the fiber is longer and more flexible, the fiber network becomes stronger and
stiffer.

Keywords: Softwood fiber, Hardwood fiber, Fiber network, Broken, Pulled out, Mixed paper,
Debonding
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(7 FQA(Fiber quality analyzer)
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Fig. 1. DEN sample for fracture test.
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Fole A7 2%l A& network EFo|iL F
ole] Fef#, E2l4 EA2 A+ network® 729
732 7gol wtet WalkA A}, Network solidityx 4
7 Aol YA FEHE network® A4S
ot Ae2 AL networkd EAL EFs=

Age g+ 79 2858 liber boning
capability)® Tt AEE A3t & vehtb= H59
Folda B3S HN 42y ASH|(fiber behav—
ior)2 A%t & 2] [5]2 network solidityE AlAHS}
of Fo| FrE41} vlwstrt,

Paper Network solidity = {SW FB.C. X (SW fiber behav-
ior)} + {HW FB.C. x (HW fiber behavior)} [5]

o7)14, F.B.C. . fiber bonding capability

3. Zn o o

3.1 B0} ¥ ¥R &Y
3.1.1 FQA2 WRV

Table 12 FQAY Ato|1l Fig, 2+ 1139l &3}
£ d]&23t ZAoltt. Refining effect’} 100%0) 717}
E4E 13 & AH9 Wt go] dold Ag 9]
St 202 Hfol thet 18] I H=E upotet
4 91t} Refining effect H]@A] ZB)E 450 mL
CSFolA G4 die 28 A vwste dH2
E4o| Wo] Wzt g4 o= £ #svh ¢l
22 ¢ 4 ok 2% 450 mL CSFAA A4 4
7t g4 R} 0.045 mg A% coarseness’}
AT G a7t asel oA Ao #sit

Table 1. Results of FQA
i ib
Fines Content | Fiber length Curl Kink Coarseness
(%) (mm) (mg/m)
. . . kink total kink
length weighted | length weighted | length weighted index angle
mean mean mean (1/mm) ©)
before refining 3.620 2.137 0.143 1.810 59.833 0.383
(softwood fiber)
after refining 5.457 1343 0.052 0.830 16633 0.263
(softwood fiber) :
before refining
: 0.701 , . 43’ _
(hardwood fiber) 3811 0.086 1473 22433 0.264
after refining
6.517 0. 067 3 ; )
(hardwood fiber) > 657 0 1.367 19.767 0.218
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Fig. 2. Refining effect.
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Fig. 4. Structural characteristic of mixed paper.
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Fig. 3. WRYV depending on refining level (refin-
ing load = 5.6 kg,).
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Fig. 5. Average and S.T.D.V. of gray level.
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Fig. 6. Formation index of mixed papers.
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Fig. 9. Air permeability of mixed papers.
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Fig. 10. SEM images of mixed papers.
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Fig. 11. Relationship between light scattering
coefficient and bonding strength.
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Fig. 12. RBA of mixed papers.
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