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Studies on the Enzymatic Deinking of Wastepaper
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Summary

Theaimof this paper was to establish a deinking method for old newsprint and xerographic
paper using commercially available cellolytic and hemicellolytic enzy mes, or their mixtures and
lipase. Comparisons of deinking efficiencies between conventional and enzymatic deinking was
made for these wastepapers. The optimal deinking process was established by evaluating the
physical properties of the resulting pulps and the ink removal efficiencies.

For old newsprint, deinking efficiency and deinked pulp with acceptable properties could be
obtained from asingle-stage washing deinking after enzymatic treatments. For old xerographic
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paper, enzymatic deinking with both washing and flotation was needed. Increases in enzy matic
treatment time in the pulper resulted in pulp brightness loss and strength reduction. A 30-min.
treatment time led to high deinking efficiency and strength. Increasingthe enzyme dosagein the
pulper resulted in better ink speck removal efficiency, but overdosage caused pulp yield loss
and pulp strength reduction. Even though different enzymes had their own optimal dosages, a
reasonable dosage was about 1 unit of enzyme activity per gramof paper substance.

In order to develop better ink removal efficiencies, varioustreatments were tried including
multipleenzymeaddition, secondary flotation, and alkaline presoaking beforeenzymatic treatment.
The results showed great improvements in ink removal efficiency. Results of the alkaline pre-
soaking treatment indicate that alkali improved thewettability and swelling of the fiber surfaces
and achieved ink removal efficiencies of 99% or higher. M oreover, the characteristics of the
resulting pulps were also improved.

Keywords: deinking, enzymatic deinking, properties of deinked pulp, cellulase, hemicellulase,
lipase.
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( 12 (Bit)

30 x 40 ) CNS 6947

()
(aky! phenol polyethlenegycol ether)
R-60 (
)
() NOVO
(cellulese) Cellulcast  Celuzy me (cellulase) (hemicd lulase)
(hemicellulase) Xylanase Pulpzyme (lipase) Fluka
Viscozyme (xylanase)
(lipase) Lipolase Table 1
Tablel
1.Cdludast® (1) ex0-1.4-B -D-
(2)endo-1.4-3 -D- 3)
2.Celluzyme®
(detergent cdluclase)
3.Viscozyme® —
(&) (2B -
(©) @
©)
4.Pulpzyme® exo-1.4-3 -D-
endo-1.4-3 -D-
5.Lipolase® 1.3-specific
13
6.Xylanase® endo-1.3-f3 -
() 2.5 units/mg
Table 1. Enzymes usedfor deinking of wastepaper
Enzymes ty pe Commercial name Source Enzyme assay
Cellulase Cellulcast Tichoderma r eesee 1500 NCU/g
Cellzyme Humicola isoleas 700CSU/g
Cellulasethemicellulase Viscozy me 120FBG/g
Hemicellulase Pulpzy me 500 XYU/g
Xylanase Trichoderma viride 2900 XYU/g
Lipase Lipolase Asperqillusoryzae 100K LU/g
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()

(Su and Sun 1995) 2% NaOH, 2%
H,0,, 3% Na,SiO;, 0.5% 0.2%
(Meiseé R-60)

2009 50
Table 2
(Suand Sun

1995)(M ckinney 1988)

() CNS11212
/10.2 /17.9
16659 (Skine1961)
(nrehe?)
(imageandy zer)
(CCD camera)

(McCooland T aylor
1983,Wu 1991)

() 209
50
Table2
(Su and Sun 1995)
()
1
@ Cdluzyme Lipolase 2

Cdluzyme Lipolase Lipolase

Table 2. Conditionsfor enzymatic dei nking
pr ocesses

Disperson  Flotation
Pulp cons. (%) 8 0.5
Time(min) 30 30
Temp.( ) 50 50
1.0~-3.5 Qurfactant?: 0.2%
Enzyme dosage )
units/g Sap: 0.5%
pH 6.0~8.0

Y Qurfactant: Meisei R-60.

Cdluzyme
2 3% NaDH
(Suand Sun 1995)
()
50
(Su and Sun
1995) Téble3 Cdluzy me
pH 8 50
75.0% 72.2%
49.3% 10
49.9% IO 509% IO
2-3%1S0O
97.1% P.1%

(Yamagishi and Oye1981, Suand Sun 1995)
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Table 3. Deinking results of ONP with enzymati c deinking at 50
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Enzymatic method® Chemicd method

M arket newsprint

Blank?  Washing Washing+ Washing Washing+

flotation flotation NP ® NP2
Yidd (%) 81.2 75.0 72.2 80.0 72.6 — —
Brightness (% 1SO) 49.3 49.9 50.9 52.0 54.0 52.5 56.4
Soeck remova (%) — 97.1 99.1 99.5 99.5 — —
Srength index? 105 9.2 8.8 7.3 7.1 7.8 10.8
TensileIndex (N.m?/g) 30.9 26.1 28.6 19.9 20.2 30.5 38.3
Burst index (kPa.m?/g) 2.13 157 1.73 1.89 1.17 1.9 2.68
Tear index (mN.m?/g) 9.19 8.69 7.34 6.02 6.85 4.87 7.41
Freeness (mL CSF) 369 487 500 550 560 — —

D Properties of ONP after dispersion and sheet formation.

3 Srength index = breskinglengt h + bursting f actor/10.2 +tearing factor/17. 9+fol ding endurance/655 (Sekine

1961).
® Enzymedosage: Celluzymedosage of 0.75 CSU/gp aper.
4 M arket newsprint made by Chung-shing Mill, Taiwan.
M arket newsprint made by a Canadian mill.

77.9%
1ISO 3% 10
84.4% IS0
10% 10
369nL CSF 487
mL CSF 500 mL
CSF
1% 10
2% (Yameg shi and
Oye 1981, Su and Sun 1995)
3% 486mL CSF 579
mL CSF 600 mL
CSF
()
Table4d
24.3%

94.5%
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Table 4. Deinking results of OXP enzymati c deinking at 50

Enzymatic method"

Chemica method

Blank Washing Washing+ Washing Washing+ Xerox paper?
flotation flotation
Brightness (%1 SO) 74.8 77.9 84.4 79.7 85.6 82.4
Speck removd (%) — 24.3 94.5 15.6 91.8 —
Srength index 9.8 10.6 104 9.1 9.2 8.9
TensileIndex (N.m?/g) 28.7 34.2 36.3 30.7 29.1 35.3
Burst index (kPa.m?/g) 2.16 2.26 2.32 1.85 1.84 1.40
Tear index (mN.n?/g) 8.25 8.56 7.64 7.26 7.71 6.8
Freeness (mL CSF) 486 549 600 538 566 —

9 Enzymedosage: Celluzy me 1.05 CSU/gp aper.
2 Xerox paper made by alocd paper mill.
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Table5
78.2%
75%
1.6%
49.3% 1S0(  Table 3)
50% 180
61.9% SO
1% H,0,
10
926%
95%
©
(H)
(C+H) (L)
2.
(Quick and
Hodgson 1986, Wayne 1991) Figure 2
Cdluzyme 0.7-3.5 units/gpaper
2.1 units/g

paper
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90.5%
Table 6
(C Celluzyme)
(C H
Viscozyme) (H Xylanase,
Pulpzyme) (L Lipolase)
@
units/g paper) Viscozyme(C H)
Cdluzyme(C) Xylanase(H) Lipolase(L)
Pulpzy me(H)
Viscozyme C+H
Cdluzyme
Lipolase
Xylanase Pulpzyme
i — o '-‘ ’ |
s - 4 L et s = e .
'-. = I.-?'J:- f' T i 3t H
’é,,.__:’é—cc— c_r__' :::__uug_.,_
2,170 Bel i
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| — . 'y | i
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| 3 ) a H

LR P RTE TR
Fig 2. Comparison of enzymatic deinking
(Celluzyme) results a different enzyme
dosages.

Table 5. Deinking r esults of ONP deinking using differ ent enzymes

Enzyme? Chem. A B C D E NP2
Yield (%) 78.2 75.0 74.8 75.7 75.0 74.1 —
Brightness (% ISO) 61.9 51.6 49.7 50.1 499 50.4 52.5
Speck removal (%) 92.6 9.3 98.2 9.1 97.1 95.8 —
Strength index 8.74 9.03 8.79 8.55 9.19 8.84 7.80
Freeness (mL CSF) 350 515 502 381 487 429 —

9 A:Celluclast (C), B: Celluzyme (C), C: Viscozyme (C+H), D: Pulpzy me(H), E: Lipolase (L). Enzyme

treatment: 1.05 units/g paper at 50
2 NP: Taiwan market newsprint.

for 30min.
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Table 6. Effect of different enzymes on d d xer ogr aphi c paper enzymati c deinking')

Enzy me Celluzyme Viscozyme Xylanase Pulpzyme Lipolase Conventiond
Enz.ymedosage 1.0 2.0 1.0 2.0 1.0 20 1.0 20 1.0 2.0 ch.emi'cal
(unitgg) deinking
Yield(%) 822 795 819 814 722 738 876 789 819 79.9 71.9
FPeck removal (%) 929 98.3 995 99.3 98.2 99.0 86.4 949 98.0 99.0 90.5
Brightness(% | SO) 80.0 80.2 826 83.1 82.2 84.1 80.8 814 843 85.1 85.6
Srength index 9.0 8.6 10.6 10.3 9.1 9.0 7.7 9.0 104 10.0 8.65
Freeness(mL CSF) 511 554 358 407 409 405 458 490 347 364 451
Y Enzymaticdeinkingat 30 for 3 min.
98.3-99.5%
Pulpzyme Viscozyme
Viscozy me
(C+H) Xylanase
Lipolase
( ) Cdluzyme
Pulzy me
(Xylanase H) Viscozy me Lipolase 1.0 units/gpa
per Cdluzyme
Cdluzyme Pulpzyme 2.0 units/gpaper
80%I10
85.6% SO
Lipolase +
84.3% ISO Xylanase 82.2%
ISO  Viscozyme 82.6% ISO Cdluzyme
80.0% IO 94%
Pulpzyme
Cdluzyme
()
20% Celluzyme
Lipolase
() ® @)
Table6 Cdluzyme
2 units/gpaper (1.05 units/g) Lipolaseg(0.75 units/g)
Pulpzyme 94.5% (Pulpzyme Table7

2.5 units/g paper 99.2%)
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4.5% 4%
12%
(Table8)
Lipolase Cdluzyme Cdluzyme )
Lipolase 4% Table9
Lipolase (1,2units/g)
Cdluzyme
lunits/g
Pulpzyme 93.8%
98%
Pulpzyme 1 units/g
() 94% 2 units/g
99.5%
(Xylanase)
3-5%
Table7. Comparison of enzymatic deinking? 8%
of pulps with differ ent enzymes
A B C D Table 8. Comparison of characteristics of
Yield(%) 822 819 795 800 r_esulting pulps of 1-stage and2-stage flata
Seck remova (%) 920 980 955 994 tion
Brightness(% 1SO) 80.0 843 840 842 l1stage  2stage
Strength index 9.0 104 98 94 flotation  flotation
) Deinkingwith theenzymeat 50  for 30 minand Yield(%) 75.3 71.0
flotation conditions: A: Celluzyme 1.05 units/g, Brightness(% 1SO) 80.0 81.6
B: Lipolase1.0 units/g, C: Celluzy me1.05 units/g Speck remova (%) 94.5 98.9
Lipozyme0.75 units/g, D: Lipolase 0.75 units/g Strength index 8.6 9.6
Celluzyme 1.05 units/g. D Celluzymedosage 1.05 units/g.

Table 9. Effects of enzyme on OXP deinking after 3% NaOH presoaking

Enzyme Celluzyme  Viscozyme  Xylanase Pulpzy me Lipolase Alkli +
Enzyme dosage conventional
. 1.0 20 1.0 20 1.0 2.0 1.0 20 1.0 20 . S

(unitgg) chemical deinking
Yield(%) 74.1 717 76.0 750 67.9 704 853 784 80.1 75.2 70.2

eck removal
(30;) 99.3 99.7 98.4 975 99.0 99.8 93.8 99.5 99.4 99.7 97.5

0
Brightness(% 1SO) 81.0 81.2 82.8 83.6 82.0 81.8 815 83.3 84.8 859 82.6
Srength index 9.6 9.8 111 10.38 9.1 9.0 8.0 10.7 10.3 11.0 9.2

FreenessimL CSF) 514 516 387 396 409 405 490 440 490 430 405
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(Suetd.
2002)
30 min 30 min
90-92%
95%
Celluzy me 2.1 units/g paper
1 units/g paper Pulpzyme
Xylanase Viscozy me
3% NaOH Celluzyme
99%

98%
Pulpzyme Xylanase
Lipolase
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