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Effect of Recycling on the Papermaking Properties of
Wood Pulp Fibers

Hyoung-Jin Kim - Byoung-Muk Jo*

ABSTRACT

In order to investigate the influence of recycling, a laboratory method simulating the
papermaking process was used for assessing the effects of recycling on fiber properties,

Sw—BKP, Hw—BKP and BGP were disintegrated and beaten to about 42 “SR—44 °SR by a val-
ley beater. After beating, these pulps were dewatered by centrifuge and dried at 90°C for 72hrs,
This recycling process(sequence of wetting, defiberating, dewatering and drying) was repeated
seven times,

Physical, mechanical and optical properties of recycled pulps were evaluated by TAPPI
Standards. Morphological changes occurred through recycling process was observed by SEM.

Sheet density decresed with recycling. The largest drop in density occurred during the first
recycling. The porosity values decreased with recycling. Mechanical properties such as tensile,
burst strength and folding endurance, decreased with recycling. However tear strength of
Sw—BKP and mixtured pulp increased at the first recycling. Optical properties such as brightness,
opacity and light scattering coefficient, increased with recycling. However, brightness of mixtured
pulp gradually decreased with recycling.

Fibrillated outer layer of the fiber was gradually removed from the surface with recycling. As a
result of recycling, crinkles on the fiber surface were found to be more folded.

Keywords : recycling. wetting, defibrating, dewetering, drying mechanical properties, crinkles. fiber
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Table 1. Conditions of alkali treatment.

Puips Pulp consistency NaOH Temp. Time.
___________________ ( %) (%) () (hr)

Sw BKP 0.5

Hw-BKP 6 15 20-23 3

Mixture* 3.0

*: Sw-BKP 80% + BGP 20%



Table 2. Properties of handsheets from recycled Hw-BKP, Sw-BKP and Mixture pulp*

Pul Recycle Sheet Bulk Tensile Tear Burst Folding Porosity
P number density index index index endurance (sec /100cc)
(g /o) (cd /&) (Nm/#2) (mNnm/¢g) (kPan'/g)
0 0.66 1.51 43.59 69.02 3.44 3.63 26.67
1 0.52 1.H4 17.58 79.26 1.40 1.50 2.11
Sw =(—22.17) (+28.45) {~59.67) (+14.83) (~59.19) (—58.56) (—92.09)
| 3 0.51 1.98 13.34 63.51 1.09 1.06 T***
B (—23.68) (+31.17) (—69.39) (~7.93) (—68.20) (—70.76)
g 5 0.47) 2.12 8.85 56.70 0.75 0.66 T***
(—28.81) (+40.32) (~79.71) (—~17.85) (~78.20) (—~81.95)
7 0.44 2.28 8.83 48.69 0.73 0.58 T
{—33.79) (+50.83) (—79.74) (—29.45) (—78.66) (—83.99)
0 0.66 1.51 36.04 41.38 2.87 2.45 15.20
1 0.52 1.91 14.66 21.30 0.95 0.60 1.21
Hw (—20.73) (+26.34) (—59.32) {~48.52) (—66.81) —75.53) {—92.04)
J 3 0.48 2.09 10.07 14.40 0.62 0.24 0.94
B (—27.53) (+38.25) (—72.07) (—65.19) (~78.29) {—950.33) {—93.82)
1; 5 0.45 2.20 8.48 12.72 0.45 0.01 T
{—31.32) (+45.67) (—76.48) (—69.26) (—84.41) (—99.76)
7 0.45 2.20 5.83 12.37 0.42 - T
(—31.79) (+45.47) (—83.81) (-70.11) (—85.28) -
0 0.60 1.66 23.63 54.73 3.71 3.38 21.67
M* 1 0.52 1.93 15.62 65.12 1.65 1.64 3.03
; (—13.64) (+15.87) (—33.90) (+18.99) (—55.53) (—51.40) ~86.02)
X 3 0.51 1.98 13.50 06.29 1.62 1.54 5.37
t (—15.79) (+19.05) (—42.85) (+21.13) {(—56.25) —54.25) (—75.22)
‘j 5 0.49 2.06 11.18 54.77 1.02 1.09 2.93
e (~19.13) (+23.56) (—52.67) (-+0.08) (—72.51) (—67.73) —86.48)
7 0.48 2.07 12.25 50.14 1.14 1.38 3.08
{—19.63) (+24.52) (—48.14) (+9.89 (—69.41) (—59.24) { :53:1 )
* . Sw—BKP 80% + BGP 20%
** . Cycle 0 used base
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Table 3. Properties of handsheets from recycled Sw- BKP and Hw-BKP.

Pulps Recycle Mazxium Brcakmg Sfrech Work Elastic
B number Load{ ¢) Length (km) (%) (J 7kg) Modulus (km )
¢} 5479.2 5.880 3.276 1258.04 602.940
1 2045.2 1.993 32.92 303.910
Sw-BKP 3 1500.8 1.469 2310 232.754
5 986.6 .967 . 12.42 l’b 127
7 942.6 0.923 1) 75
0 4939.6 4.903 1 58.26
1 1761.1 1.732 34.67 261 b()’
Hw-BKP 3 1269.6 1.253 19.78 213.676
B} 1003.4 0.986 12.57 174.268
E’ ) 952.2 (0.944 (}()1 14.12 142.091
' ! [~ T g
! |
0,70 | 'y
i
0 65;‘ | * SwBRP or / s Sw-BKP
0.65 . I&W—BKli ~ | o Hw-BKP
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Fig. 2. Relationship between density and Fig. 3. Relationship between tensile index and
number of recycle number of recycle.
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Fig. 69 1@ adxel = Hgsy 3o Ay 47‘_‘{: e} wEst AAVE )
ol = R 7io A4S Srlsitrt of off 78} lon AE7L Hfu
shiz HEkelglon sEHEZ E3k AEE 345 3 "o'?'i"ﬂ wE R 5 a2t
5| 72 = Fvbetthy) o] & A A 8] A kel 4 o gyl el ARt
& Brh JEe BE EFITHI = 5 dvh -
U AR AR S5 18 Y o} §19 ¢ F 7k Van den Akkero] °l 3 Aot
nHow $NE FRol Pad e g AEYE oled AbEsnm HuE ¢ 2
Mckee™ o] ®.are] 2jabd o gt tﬁ"&'?s- Q1 v},



Burst index{kPa-n' / #)

4.0

3.5

3.0

25

2.0

1.5

1.0

0.5

s Sw-BKP
¢ Hw-BKP
a Mixture

»

T

Ay

(a3

Nurmber of recycle

Fig. 4. Relationship between burst index and

number of recycle
*: Sw-BKP 80% + BGP 20%

801
70~
3 60
~.
E
= 50+ \\\‘
£
=
< wt ?
= | s Sw-BKP
g \ ® Hw-BKP
& 30r \\ s Mixture*®
\
Y
20 ~
\\
~—e_
e,
10+
2
1 | 1 i 1 l 1 1
0 1 2 3 4 5 6 7

Number of recycle

Fig. 6. Relationship between tear index and

number of recycle
* . Sw-BKP 80% + BGP 20%

3.5
3.0
L 25
=
e
=
T 20
Q
Lo
£
5 15
e
1.0
0.5
Fig. 5.
15
4.0
3.5
§§z
S 3.0
3
73]
2.5
2.0
15
Fig. 7.

P s+ Sw-BKP
o Hw-BKP
« Mixture*
- L]
— [
— 4 o ‘;— o
~.
\\ \\
) ‘\.\*\-A
- ~
\\\
\\.\\\~
1 i ! i L 9 ~+— e
0 1 2 3 4 5 6 7

Number of recycle

Relationship between folding endur-
ance and number of recycle
*: Sw-BKP 80% -+ BGP 20%

4 Sw-BKP
e Hw-BKP

i i } 1 i

1
2 3 4 5
Number of recycle

Relationship between Stretch and
number of recycle




Fig. 73 Fig. 8% 94 294 !
o] A& gradAl 4ol sk D}L}L’" 7“3] o} A

g1 85189 ﬂ % 4

B

4+ E 5L oﬂ Sk 31% =1
= 497% 8 THE 1 {}},\a}

vl crelt &
ufl, o{ WA o X g e v gtE g o Ao
vl S fmsl Al s olell uhep BMA A A7
choowEl A gbA A e AlE ] A nv) Zvtake]
: ﬂ Ai= sle] bl Aafol}, ¥ A gie

= Bovin, Hartler ¥ Teder’$2] K L8} ¢l

7J }O, HOjT!—

T A2,

99} Fig., 10&

ng
Aeleh A g

SRS = - “"
7k 3zolirel weh 2ol /ulv} 5iAal st
1 s .

ol OO ol )T« O‘L} }
Fl oep el A skl o *s% teshte At Adybate
71 9] O?L}_

AA AR

WATFT R

kS T e
w

B o e

At

6001 I

! 4 Sw-BKP
o Hw-BKP

500

400

300

Elastic modulus (km)

T

200

100§~

X

' TR i i 1 ! |
0 1 2 3 ¢4 5 6 7

Number of recycle

Fig. 8. Relationship between elastic modulus
and number of recycle

Stress

Fig. 3. Stress

Stress

Fig.

Lo

Li:

La

Ls:
Lz

0 recycled
1 recycled
: 3recycled
5 recycled
7 recycled

Strain

-Strain curve of Hw—BKP

cJrecycled
1 1 recycled
I recycled
5recycled
. 7 recycled

10.

Stress — Strain curve of Sw-BKP

Strain




z grol ZHAE A vpE o)},
.‘r‘.kﬂQX r 7}“9’} u

L

}»_8 »C‘ H]

(o]
e

H &S v zc

W gel meh 4ol
G4k L wube) )

f it

] &

Horn

_4 Eol‘

3.2

5]
Table :

ul Al

Y T

lﬁivl

goL} o]

L~ .;g

= Fig. 1194 &

2= ) 3

¢l 2o shel s

2 o] *1 iz
,’»-_ /} OL it

A &Fo.
OO i

§l r ‘J

v} A

LHERS L

g 13‘5‘? ‘
Lol ol AL
h’f‘HOﬂ H
7b gkl o

21 &E 9
[CRNaNE

sl G 7hehe
S A B ooz 31314
1418 A
ol sutel gro] g

S
1} —‘—3

I

4910k ol

Tl B,

=2
5

Tabie 4. Properties of handsheets from recyc-
led Sw-BKP, Hw-BKP, Hw-BKP and
mixture pulps.

Pulps Recycle Brigtnees (ypacity Light scattermg
number (%, Hunter) o) coefficient

{em / 2}
0 74.45 79.66 278.27
- 1 78.08 84.86 384.78
Sw g 7716 85.30 385.87
BKP 5 A7 8649 396.62
7 76.64 86.51 392.17
0 73.96 69.63 171.99
Huw. 1 79.55 79.13 29().7'17
BKP 3 79.59 79.10 299.55
5 79.15 78.42 296.29
7 80.05 79.21 286.21
0 74.52 70.92 200.57
Mix 1 73.62 80.72 30}199
ture 3 73.12 84. 45 367.69
5 71.80 85.37 378.54
7 69.90 88.87 372.34

*: Sw—BKP 80% -+ BGP 20%
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Table 5. The WR.V. and °SR of the recycled pulps.

3 5 7

b Unbeaten 0 1 ;

ulps e e
P SR WRWV °SR WRV "SR WRV °SR WRV °SR WRYV °SR WRV
Sw-BKP 8 1194 42 219.1 25 17 135.6 15 122.2 10 109.4
Hw-BKP 12 87.9 42 205.6 19 145.1 16 112.0 13 102.4 13 98.7
BGP - - 12 138.2 15 123.8 13 117.5 9 113.6 8 103.4

Table 6. Properties of handsheet from recycled Sw-BKP. Hw-BKP and Mixture pulp* by alkali

treatment.

Pulps NaOH  Sheet Tensile Tear Burst Folding  Porosity Brightness Opacity Light scattering
b consistency density  index index index endur-  (sec/100cc) (%, (“5} coefficient

(%) (g/m) (Nm/g) (mN.m/¢) (kPa.oi/¢) ance Hunter) {eni/ &)

0.5 0.63 16.42 31.52 1.51 1.21 4.67 76.95 83.90 348.07
Li* 1.5 0.95 15.91 27.34 1.26 1.01 3.87 79.30 84.02 388.08

3.0 0.55 15.94 30.61 1.65 .17 3.91 78.74 84.27 390.64
L3** 0.5 0.53 13.11 23.48 1.04 0.73 2.17 77.38 85.61 378.00

1.5 0.47 10.81 20.61 .90 .49 1.07 79.42 §5.89 411.01

3.0 (.60 14.11 27.00 1.06 0.78 2.53 78.76 85.86 438.18

0.5 (.55 17.98 67.55 2,22 2.66 5.45 79.64 75.78 255.00
Ni** 1.5 (.48 16.64 94.27 2.23 2.27 4.05 81.59 78.05 285.43

3.0 0.60 18.46 73.94 2.50 275 9.03 30.13 76.58 285.76
IN3*** 0.5 0.54 14.65 78.17 1.92 1.34 3.30 31.09 30.09 311.92

1.5 0.49 13.90 76.60 2.33 149 1.55 80.98 78.78 296.50

3.0 0.56 15.12 96.12 2.40 2405 4.29 30.28 31.26 310.70

0.5 0.60 16.99 62.44 1.92 L75 6.85 69,52 32.08 285.01
M1** 1.5 0.48 16.50 78.67 2.33 2.05 6.16 69.32 83,10 303.55

3.0 0.57 18.18 67.67 2.40 216 13.73 655.42 32.18 280.46
Mgxss 0.5 0.58 15.10 66. 48 1.51 2,27 5.81 69.27 33.50 307.95

1.5 0.57 16.40 70.40 1.99 2,28 715 63.34 83,36 311.47

3.0 0.53 16.10 70.08 .77 2.48 7.3 67.17 35,90 330.25

¥ Sw—BKP 90% + BGP 20%
= 1recycled Hw-BKP, Sw-BKP and Mixture pulp
** 3 recycled Hw-BKP, Sw-BKP and Mixture pulp
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Scanning electron micrograph show- Photo. 2. Scanning electron micrograph show-
ing unbeaten softwood bleached ing unbeaten softwood bleached
kraft pulp fibres(magnification 750 kraft pulp fibres(magnification
x.) 1,000 x.)

Photo. 3. Scanning electron micrograph show- Photo. 4. Scanning electron micrograph show-
ing softwood bleached kraft pulp ing hardwood bleached kraft pulp
fibres beaten to 42 °SR(magnifi- fibres beaten to 42 °SR{magnifi-
cation 1,000 x.) cation 600 x.)




Photo. 5. Scanning electron micrograph show- Photo. 6. Scanning electron micrograph show-
ing Dbleached groundwood pulp ing recycled softwood bleached
fibres(magnification 1,000 x.) kraft pulp fibres(recycle 1, magnifi-

cation 1,500 x.)

Scanning electron micrograph show-

Photo. 7. Scanning electron micrograph show- Photo. 8. <
ing recycled hardwood bleached ing recycled bleached groundwood

kraft pulp fibres(recycle 1, magnifi- pulp fibres(recycle 1, magnification
cation 2,000 x.) 1,000 x.)




Photo. 9. Scanning electron micrograph show-
ing recycled softwood bleached
kraft pulp fibres(recycl 7, .magnifi-
cation 1,000 x.)

electron micrograph

11. Scanning
showing recycled bleached
groundwood pulp fibres(rec ycle 7

magnification 750 x.)

Photo.

Photo. 10. Scanning electron micrograph
showing recycled hardwood
bleached kraft pulp fibres(recycle

7, magnification 750 x.)
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