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Abstract — Enzymatic deinking of office-waste paper was studied using crude cellulase and papain-hydrolyzed cellulase
from Trichoderma reeseRRut C-30 in small-scale and mid-scale. The results were compared with deinkings using commercial
enzyme(Novozym 342) and conventional chemical methods. Maximum brightness and freeness were obtained at 3 units/g
Oven Dry Paper(ODP) of CMCase activity using crude cellulase in mid-scale deinking experiments. The deinked pulp had
higher physical strength and brightness, and lower freeness and yield than the pulp deinked in small scale. In smdil scale dein
ing, maximum brightness and freeness were obtained at 2 unit/gODP. Deinking by papain-hydrolyzed cellulasenstawed si
results with those by Novozym 342. It was better in brightness and freeness, but showed lower physical strength and yield, than
the conventional deinking by sodium hydroxide. The ratio of endo-1,4-glucanase and exo-1,4-glucanase components in papain-
hydrolyzed cellulase froririchoderma reesdRut C-30 was similar to that of commercial enzyme, Novozym 342, implicating

a successful application as a deinking enzyme.
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acetate buffer(pH 5.0)4 A B2 247} 7FgF &=523] 2 M4FT}. Dry
overvllA AxH 71245 (Oven Dry Paper; ODP) 3@&g 0.1 M sodium
acetate buffer(pH 5.08-<% 119 43l = (consistency) 3%
(W7t S =8 8 & %382 7](TAPPI standard)] 2ol pulpingst
St
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g ZRo] o]Fold 4 UmE AAE w7051, 3Lpl B2
50°CoHA B4E ket 40 &< ettt aAanE-S Axl 2
Z= 0.8%(WNVR| 57t HEs 543 & JPdqn Azd F-f
7](flotation cell, 0.85L, 8.5 Fo] ¥ toner YA= AAFA
o} Ak G40 ARRERS CMCase activitg 715222 1-5 unit/gODP

o] H=E Uit 7k A wE g5 58 ¥ 8 xy
HalE A Bt Novozym 34& o] 83 €54 RE AL A
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AH7FeHA 2E3AE Fassled, rHatE
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Table 1. Pulping, enzyme reaction and flotation conditions in enzymatic deinking process

Process Consistency*(%) Temperat®@( Time(min) Air flow rate(L/min)
Pulping 3 50 15 -

Enzyme reaction 3 50 50 -
Flotation(0.85 L) 0.8 40 5 15
Flotation(8.5 L) 0.8 40 5 3

*Pulp concentration in buffer solution(w/v %)
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Fig. 1. Physical properties of deinked pulp using either papain hydro-
lyzed cellulase(Prep 1) or dialyzed cellulase(Prep 2).
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Table 2. Yield, freeness and brightness of deinked pulp using either pa-

pain-hydrolyzed cellulase(Prep 1) or dialyzed cellulase(Prep 2)

Prep 1 Prep 2

Yield(%)
Freeness(mL)
Brightness difference(%)

89.41
695
8.4

91.45
698
7.8
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Fig. 2. Brightness with varying enzyme concentrations.
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] , Table 3. Yield and physical properties of deinked pulp using either pa-
700 pain-hydrolyzed cellulase(Prep 1) or dialyzed cellulase(Prep 2)
in flotation cells of different size
Prep 1 Prep 2
E 600 Vol. of flotation cells(L) 0.85 85 08 85
g Yield(%6) 89.41 87.32 91.45 87.63
§ Physical Tensile index  36.32 41.05 32.43 38.14
L properties  (N-m/g)
500 } -
Burst index 1.99 2.30 1.89 2.04
(kPa: m?/g)
0, 1 2 3 4 5 6 Tear inde;< 5.23 541 4.13 4.90
Enzyme Concentration (Units/gODP) (mN-m7g)

Fig. 3. Freeness with varying enzyme concentrations using either papain-
hydrolyzed cellulase(Prep 1) or dialyzed cellulase(Prep 2).
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3 unit/gODP ol el HAt ZH43g Fig. 2t 304 WEhfgITh o] 2o AZVF ARk o g AxlE g FAFAL, ot AL IA
3t A7 cellulas& o] &3to] 58 AT 7189 v A= @ WRlolA] 71Ee] A7t 24F JAanEAEe] AAHE 880
oF dX8l (11, 17], Bde] Fert T713 nfe a4, Feld Y2 oItz A HAlel YA ETHg]. @5 A WA= U e A
7+, HA7+4] hydrophobic interactigh 571l 2])A] F-35--A] 2 Bole & APIAE &R A7 A e E (Table 3),
YA BEH R AAR] Folr] g A2 s} ol TAWHE o& WA Afe] ke &Rt =A VERES
B SR el Wane] Aol 3 3 unit/gODP,EE] A U, PR E P71 T2 B S9) 71ae] AUt
7 2 unitfgODR] BdEeollA] vEbstTt. AR 2 uniigODRE: 2o} Af7t frgse dol da7] WEelth AFrd g AR
AR & F 1719 A Aste] Apole whgrle] s R, Wik o} ] HlwdHe] 43= Fig 41 et SN E B
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2 #E], §849 Iukrg e 9Py vx, ks, vk
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T 7b TR 2 AR Bofyitt o] de] A, WA} g5
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27 =2 WollMe 3 unit/gODRLT ¥-e k2 A5l g355H
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o PAlE FEE SR TR vl dste] AXAETAE L o
TR} VeS8 k] 91§ =2 elt). Novozyme 349 73-9- endo

700 |1 = g5 | [ ] rexa?] HlE2 32.2: 1,54 &J3A] HAE cellulasé 18.7 : P,

oL ‘ T e 20 papai.i A2 it 385 1 Ve,

600 Zhzke] gl wE WA=S Fig. 6l LERSlen], e &
E 29 papainAgE Eavh /P e Ao® Utk sMAnE
2 s00 Mgk V1B g 3R A9, BAYCE ANse] 29 et
FABYo], e WARE - 7Es TFAN Y GEA) WA Hoily
£ s 2 e Fu AeR BATHL7]. dFEAN R (Fig. 7), B4 T
ol 3l5ky i vjg] #e AxE Holu, ol EaukEd

ofste mlAldR7E Wol AAEAY] HECR Adch 2} EH

0 Prep 1 o)X= Table 4 vlep= A3 o] BAE AMSSE 5ol A

Fig. 5. Freeness of deinking pulp using either papain-hydrolyzed cellulase ~ H&-S-= 7MIaTHE ARk @570 HlsiA] Holxle 2345 B
(Prep 1) or dialyzed cellulase(Prep 2) in flotation cells of different size. o]2 it} Cellulasel] 213t 2-f-2 71piald] eJaia m]A)l4d-f-ako]
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— Table 4. Yield and physical properties of deinked pulp with different
Zz g';"r; mmd_“ 10 deinking methods(Prep 1: papain hydrolyzed Rut C-30 cellula-
rightness difference
90 se, Prep 2: dialyzed Rut C-30 cellulase, Prep 3: Novozym 342,
£ Prep 4: chemicals)
g 80 1 % Prep 1 Prep2 Prep3 Prep4
§ £ Yield (%) 87.32 87.63 84.99 93.81
£ 5 g Tensieindex 4105 3814 3837 4558
5 g (N - mig)
£ -
g Physical Burst index 2.30 2.04 2.07 2.47
60 7 properties  (kPa- m?/g)
/T l @ | @ ‘ @ Tear |ndex2 5.41 4.90 6.06 201
0 0 (mN - m?g)

Prep 1 Prep 2 Prep 3 Prep 4
Fig. 6. Brightness of deinked pulp with different deinking methods
(Prep 1: papain-hydrolyzed Rut C-30 cellulase, Prep 2: dialyzed

Rut C-30 cellulase, Prep 3: Novozym 342, Prep 4: chemicals). 9] v gHAA AL B G4 Hl5d A4S Hold glon, olx
crude cellulasdl <3t ©52] exo &9 848 AAAZoEN A
700 & GEEAG YT F Y w2 95 882 VUE & U AL
7 2 AEHE
w _ v e
E
2 500 Trichoderma reeseRut C-30141 A4Hd crude cellulasd papair®.
j‘g 2 AeH celulas& AHgste] AFE ZFAX AL 918 GRS
s A& A3l Cellulas€] endo, exBl&9l wpe oFn, WAL
400 - $8 % 2eE RS LR U SR 2338097, 4gres
% AAE L S BEEL Novozym 342} 7MHArtE Abgshs 7159
0 GENYET SrEA HZ ARl TR @R e EAEE
Prept  Prep2  Prep3  Prep4 o] & ofrgl WAL= AA%E 3 units/lgODPIA HUE Bo
Fig. 7. Brightness of deinked pulp with different deinking methods(Prep 1: u, AgtRe] Hlgte MAE} EEF Ale FUBIEoV JrEgt
papain-hydrolyzed Rut C-30 cellulase, Prep 2: dialyzed Rut C- g8 sk ATS Rt olyd 3= vlgo =2 Trichoderma
30 cellulase, Prep 3: Novozym 342, Prep 4: chemicals). reesei Rut C-3014] 4341 crude cellulasd %2 3 unit/gODEE

ARAR T AL GEEA0 Novozym 3425E 7HIATE AL
sl 7139 g5FAg vask] 49 A7, /MATE o]8shs

7Pt AAE vA e F-REEA 92 dAe A 4A A 7188 @3 vlEN e AFs, WAEE 948 B e

A7) Wi 480] Fasle Zlo2 A7, SHoA = B2E AFAE BT U EAE AMRSe U554
g, BN et gEg o] e TP At AR 1% o] ARty oz wre AxE Wtk Papainxzste] Hizel £

AW o] w02 s T YA 7|7 ZolE7] w4 ZAwd 43S vXE cellulase®¢] endddi-e] vl 8-S =9 A}

Eo] Fobavta FAAgrt vl B AR St 73R Az} M A = Y-S E@EE4(Novozym 3428t =& &

BEF 9 FAT-RAIG AF A GA AAEE o] itk BEER £S5 Hold glov, E9E ArdAM® endet exa?d] AEHe] Al

o W2 "zl E]¥ J=E Table 4 VeEhdt)h d7t=9} Q4 o2 AAAdE @58 aho Ag 7 E 4=

=Wl Novozym 342} papairdzld cellulasel vlsst A7=

B3ou crude cellulasg A9+ 2E 283 7wr}t WA Vel Al

olg st ¥ AES viel o] Zkhe] 4 §Mffo] EAs= endo

A7 exo o] &Y BlEo] AR tEY] WE] o8 A7 B AT AR A S EAY B 1999 T St

o] AR, Faol ot AFHAR Y GESY AHg A5k, WA 21 A9 98l XhEQRon, B3] X5 E¥F EH 24 T B

SHAA TP AR ARR-AE ' E HIEIA] SR, E8E el A9 ol AFFoR PxI £ F)HSEEZ Ao A=Y

Aol vhh B AFAE B o]l EAEENEA A v Yt}

71 FRHA e = W] Wil A2 HejZir). Papain

A4 cellulase] A4l crude cellulasdrt =2 &3 A=s ZE2s

Holx goema endoglucansd Hl &2 EUOEA KU} £ EdF

AEE 42 4 U Aol X APFom AT = B54 1. Kirk, T. K. and Jeffries, T. W.: “Roles for Microbial Enzymes in Pulp

42l Novozym 3421 vls|A] papairlgld Eirt AFEdloA] - and Paper Processing; ACS Symp. Ser. 655, ACS, Washington DC,

3 218 Holx 3o, papail@d celulase] A%+ E¢d 7= 2(1996).

HojlA vlgt d3E Roli 9t} Trichoderma reeseRut C-3674] 2. Bajpai P. and Bajpai P. KTappi J.,81(12), 111(1998).
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