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Research paper

Recycling of Carbonless Paper and Laser-Printed Paper
Yu-Chang Su,l’z) Chen-Lung Ho

[ Summary ]

In this study, we attempted to treat the causes of low brightness and the tendency of black
spots to appear on the recycled pulp of carbonless paper. The difficult problem of deinking laser-
printed paper was also included in this study. Our experimental results indicated that in the recy-
cling of carbonless paper, a color rendering pretreatment before the deinking process effectively re-
moved colored particles and resolved the low brightness problem. As for colored carbonless paper,
such as yellow sheets, a 2-stage bleaching entailing adding 2% H,O, before washing and a further
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2~6% H,0, bleaching after otation produced pulp with a brightness of 80% ISO or better, and the
pulp showed good brightness stability. Red-colored waste carbonless paper could be subjected to a
2-stage bleaching consisting of 3~5% NaOCl and 2~4% H,0,, to achieve the best results of bright-
ness values of 75% ISO or better and also relatively good brightness stability. In the deinking of
laser-printed paper, residual ink specks were an often-encountered problem. Our experiments sug-
gested that by adding various long-chain aliphatic alcohols, deinking efficiency could be improved.
Such additives reduced the capability of aggregating ink particles, hence forming large-diameter
ink dots that could effectively be removed. Among the alcohols, n-octadecanol and a mixture of
n-octadecanol and n-butanol showed the best results. In our deinking scheme, we modified the
traditional washing and otation process by washing and centri-cleaning. The 2 types of alcohols
could lower the dirt count values of deinked pulp to 5 ppm and produce pulp brightness values of
95% IS0 or better. Furthermore, by going from washing directly to centri-cleaning, the otation
stage was bypassed and nearly all of the ink specks were removed as well; hence, we deemed that

the process should reduce process costs and also lessen water consumption.

Key words: carbonless paper, bleaching, laser-printed paper, n-octadecanol.
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Fig. 1. Flow diagram of the deinking process.
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Table 1. Effects of color-rendering and unrendered treatments on white carbonless paper
deinking efficiency and their color reversion evaluations

Washin,
Treatment g

Washing+Flotation

Upper ply Medium ply Bottom ply

Upper ply Medium ply Bottom ply

Color-unrendered

Brightness 92.84 79.48 92.32 93.03 96.59 93.83
Brightness" 88.84 77.44 89.47 92.63 90.46 88.40
P.C. no. 0.42 0.64 0.42 0.03 0.44 0.44
AE 1.85 242 2.54 2.63 2.25 2.07
Color-rendered”

Brightness 93.00 87.35 90.55 96.72 92.49 96.48
Brightness" 87.28 83.38 85.33 93.17 88.26 90.15
P.C. no. 0.66 0.74 0.77 0.19 0.48 0.39
AE 3.10 3.26 2.87 2.18 1.46 2.87

" Degradation: temperature of 105°C for 24 h and a pressure of 60 kg cm™.

? Color-rendering: pressure of 60 kg cm’.
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Table 2. Effects of hydrogen peroxide bleaching on the deinking efficiency and color rever-

sion of yellow carbonless paper

Treatment Brieh <0 e .
H,0," (%) H,0,” (%) rightness (% ) .C. number
Blank 4729 030
0 2 65.16 0.12
0 4 70.46 0.29
0 6 71.28 0.30
2 0 71.95 072
2 2 80.71 0.82
2 4 81.58 0.68
2 6 82.62 0.49
4 0 72.00 0.52
6 0 73.95 0.64
6 6 83.49 0.96
" Bleach addition.

? H,0, bleaching, soaking for 15 min.

¥ Temperature of 105°C for 24 h and a pressure of 60 kg cm™.
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Table 3. Effects of a hypochlorite and hydrogen peroxide bleaching sequence on the deink-
ing efficiency and color reversion of red carbonless paper

Treatment Brightness (% ISO) L* a* b* P.C. number”
Blank 57.20 82.18 14.40 2.80 0.86
1% NaOCl 60.20 82.45 21.80 0.16 0.76
1% NaOCl1+2% H,0, 75.23 86.95 12.64 -0.26 0.46
1% NaOCl+4% H,0, 78.65 85.86 10.63 -0.68 0.55
3% NaOCl 68.76 85.91 15.52 -1.26 0.75
3% NaOCl+2% H,0, 76.89 88.23 12.68 -1.76 0.36
3% NaOCl+4% H,0, 80.63 90.65 10.96 -1.95 0.37
5% NaOCl 79.10 90.39 15.20 -1.57 0.35
5% NaOCl+2% H,0, 81.32 91.68 11.86 -1.68 0.46
5% NaOCl+4% H,0, 82.60 91.96 10.48 -1.89 0.60

" Temperature of 105°C for 24 h and a pressure of 60 kg cm™.
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Table 5. Ink particle aggregation efficien-
cy of laser-printed paper after treatment
using different deinking chemicals

Particle size (mm®)

Treatment

Max. Mean
Blank 0.121  0.002
Conventional method” 0.259  0.028
DI-360+n-dodecanol 0.307  0.028
DI-360+n-tetradecanol 0.324  0.032
DI-360+n-hexadecanol 0.345  0.035
DI-360+n-octadecanol 0.376  0.043

DI-360+n-octadecanol+n-butanol 1.515 0.048
Y Conventional method (Su and Chen 1999).

Table 4. Evaluation on the deinking efficiencies of a conventional deinking method for la-

ser-printed paper

Treatment Brightness (% ISO) Dirt counts of ink particles (ppm)
Washing Washing+Flotation Washing Washing+Flotation
Blank 84.32 5399 -
Conventional method A" 89.29 3786 (29.18)) 368 (93.18)
Conventional method B? ~ 92.53 3492 (35.32) 298 (94.48)

" Conventional method A: the deinking surfactant was RI-60.
» Conventional method B: the deinking surfactant was DI-360.
¥ (): Deinking efficiencies in comparison with the blank.
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Fig. 2. Diagram showing ink particle size distributions after treatment using different
deinking chemicals.

itk (Table 6) - BAIMIEBSBSETHMEITE ) I0RREHN B 2 #E3

SEI IR - 0 TR AR B A S 1 s B P O R 37 AR S R
B MR R B TERAA 0 PEE (AL R AR P R 2 IR R
BN FTEEFA LR MEEEE D RMUEBSRGE T IR A
BT b8 2 2+ O 13 A 2 R SRR - A Table THIT - RFIASELIE
AR IR - B AL - P | » 412 1 192-95% 1SO » FE 5] SBE

Table 6. Evaluation on the efficiencies of different deinking processes (washing + Flotation)
and chemicals on the deinking of laser-printed paper

Treatment Brightness (% ISO) Dirt counts of ink particles (ppm)
Washing Washing+Flotation Washing  Washing+Flotation
Blank 84.32 - 5399 -
Conventional method” 92.53 92.98 3492 (35.32)” 298 (94.48)
DI-360+n-dodecanol 92.38 93.03 3382 (37.36) 278 (94.85)
DI-360+n-tetradecanol 92.23 92.96 3437 (36.34) 203 (96.24)
DI-360+n-hexadecanol 92.16 93.12 3392 (37.17) 198 (96.33)
DI-360+n-octadecanol 92.68 93.29 3268 (39.47) 169 (96.87)
DI-360+n-octadecanol+n-butanol  92.63 94.68 3912 (27.54) 124 (97.70)

" Conventional method (Su and Chen 1999).
20): Deinking efficiencies in comparison with the blank.
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Table 7. Evaluation on the efficiencies of different deinking processes (washing + centri-
cleaning) and chemicals on the deinking of laser-printed paper

Brightness (% ISO) Dirt counts of ink particles (ppm)
Deinking surfactant Washing Wa?shing-lj Washing Wz%shing-lj
Centri-cleaning Centri-cleaning

Blank 84.25 - 5421 -

Conventional method" 89.35 92.32 3756 (30.71)” 62 (98.86)
DI-360+n-dodecanol 92.16 93.82 3362 (37.98) 22 (99.59)
DI-360+n-tetradecanol 91.93 93.29 3441 (36.52) 12 (99.78)
DI-360+n-hexadecanol 92.08 93.62 3381 (37.63) 10 (99.82)
DI-360+n-octadecanol 93.08 94.36 3228 (40.45) 5(99.91)
DI-360+n-octadecanol+n-butanol  92.80 95.32 3846 (29.05) 5(99.91)

" Conventional method (Su and Chen 1999).
20 Deinking efficiencies in comparison with the blank.

Table 8. Physical properties of recycled laser-printed paper

Tensile index Tearindex  Brustindex Folding endurance Strength

Treatment (N-mg') (mN-m%") (kpa-mie’) (doublefolds) index"
Blank 38 8.34 2.96 28 11.62
Conventional method” 39 8.31 2.49 18 11.22
DI-360+n-octadecanol 37 8.33 2.46 21 11.01
DI-361+n-octadecanol+butanol 37 8.31 245 19 10.98

" Strength index = Breaking length + Brush factor / 10.2 + Tear factor / 17.9 + Folding endurance / 665
(Sekine 1961).
? Conventional method (Su and Chen 1999).
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