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Mid-Scale Deinking Process for the Recycling of Office Waste Paper using Cellulase
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Abstract

Enzymatic deinking of office-waste paper was studied using crude cellulase and
papain-hydrolyzed cellulase from Trichoderma reesei Rut 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 small
scale deinking, maximum brightness and freeness were obtained at 2 unit/g ODP.
Deinking by papain-hydrolyzed cellulase showed similar results with one by Novozym
342. It was better in brightness and freeness, but showed lower physical strength and
vield, than the conventional deinking by sodium hydroxide. The ratio of endo-14-
glucanase and exo-14-glucanase components in papain hydrolyzed cellulase from T.
reesei Rut C-30 was similar to that of commercial enzyme, Novozym 342, implicating a

successful application as a deinking enzyme.
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252 A% TARE cellulase?t F2 AMEH I 3o, cellulasex 9 2] bacteria ¥ ¥
ol Fol A AJAFE T soft rot fungusel ¥ %F<Q Trichoderma sp.olA A4LE = cellulase?t
4ol & Aoz BuHI . Cellulaset YA 22 cellulose chaing F2¢j4 o=

7tE 8 5to] cellobiose?t glucose® A4 3tE endo- B -1,4-glucanase, cellulose chain®] H]
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A wa7)o) 283lo] cellobioseE A4 3= exo- A -14-glucanase, L8] 3l cellobioseS
Bajsle] glucose® A48t B-glucosidase 73t Q4] Trichoderma virideo) A
22]&  endo- B-14-glucanase®} exo- A -14-glucanaseE A4 LAEEA endo- B
-1,4-glucanase?t exo- 8 -14-glucanase®] synergismoll ¢|§ 7}#3] &3&E Husta gl
t}6). T, reesei7b A2+& exoglucanase2] T+Z+ cellulose &2 domain®} catalytic domain
o2 olFojx Ym, GWARNELS UFQ papain®] °E AAXHAE FEE F U=
Aoz a2 ok =3F papaindl 28] A 2% cellulase: exoglucanase?] Avicel &3] 2
e #9204, endoglucansed] EHEAL 7234 Fshchn B 1 E 5]

B AP M, cellulase B0 43 Trichoderma reeseil* 2§ crude cellulase
9} papain®2 7}5E 38 endo ¥l &2 =92 cellulaseE o] &3, 27FRY FHEAA
nEHA Y E5F4 2 HAA9 Y3 ZE HAx 9 oqFkd HXE FF¥ B
Ttk =3 71&9 7H44aTE ol&ste BEWH 2 Ao ARHL Ut B
AbgEtE W g5 5A4E vusivh
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B AFo] AFE3FE cellulase= T reeseis fermenter(25L, Korea Fermenter Co.)ll A ¥l
Fste] €& crude cellulase® FA4E& o83t HAE enzymed}, THH EIHELQ
papaing # 2 3te] endo-cellulase® H] &S F7FAIZ] enzymes AHESEITh  Cellulase
activity 23S $38te] CMCase activity A WYL ol 839 ov[7], 5T A o]&H=
F49 71FZL CMCase activity unit® 7|Fo2 dAd. £33 Agard g4 €558 S
v w3tz YA AdH ez AAEE Novozym 342(Novo Nordisk Co.)E AHE-3 T

E AFd AlgE X &EE white ledger 29 HAL &% (Hansol Co)E AM&3tA o,
Laser printer(Hewlett Packard Co.)& o|83lo] #dslA ¥W EHAFSATH

ztzte] AL A3 W= TAPPI standard T 205 sp-95° F3ld FZ2A& Ax3%
o}, $£%x9] WAL= Hunter Brightness meter(Doseki Co., Japan)Z ©]&3le] =434
t}, o459 AL Canadian Standard Freeness meter(Doseki Co., Japan)E ©| &34 =
At on 283 259 7% 39X 4 (Burst Index), $1%* 5 (Tensile Index) 2 ALA
4*(Tear Index)2 z+z} TAPPI standard T 403 om-91, T om-88 ¥ T om-882] el 2]
AN zztel BEE 2 F F2AY HFo2 Yol AdEA

HEAE At AR TR 85339 v

2o E5FA T /M3 FAE dAE § £ e, ol #HAxe
) Al Ao AL EE EUo2 ALY A2 EFRE 7|UE 5+ A7)
ol EF, AFss FX 9 AR AGeA T &5 5F dE AFHEE Ue
7] ol 38NN T2 842 AAD Atk B APAMe TR E5THAA
9 HA AAEES A7|9s WAL d5FEE 7)Fo2 d9] 1-5uwits/g ODPY thekd
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FA2EEdAN 2EFALE FYPHAY. FHE BEFAHNA qdFxe Aaxo HF g
3wnit/g ODP, £&% ZE+ 2wit/g ODPY &EA¥EoAM Yeytt, Fiee 272 4
o glojA WAEs ojf=xe HWE Fig. 19 29 Jelldct /719 Fxe 574 91
3 71¥ Z7)9 W3E Qg WAEo] gro] AFEY FLEHG A Ut TAEY AL
RARGA 571559 F7t2 8le 71E9 a7zt duty ez ARE AL #FINUZ,

3 A A WA 72 AV F5F JArPAEC AAHE &) =
olZicks A Hust AXFTH3] 2 ZE9 WHelHe dutHos AFREY E&
#e Yl en(Table 1), ol E2WMEEE7 AFRAAA EUdY o2 B, o
el Az}, WAz ofsel ZHME F4 9 %2 3wit/g ODPE s o] flst
Y, 283 Zxe WoAME 3unit/g ODPRL} ¥ & dAse &5FA4d FEste 2
o] freldte BATh

4 9 7HEAGE AHESe TR 25349 v

T. reeseidl X A4tE crude cellulase® ©] &3t nFH A9 FHE AALFozA, U4
9 A4 EE HYE {FASE TA2FES 3wits/g ODPE RAHA N F A& 251
ol Novozym 342 £ 7Md4AdE Algste 71&9 2593 v el Novozyme 342
o] 7% endo : exod W& 322 : 1, FA &M HAE cellulase= 187 : 119, &

Z)

o]

AR EAQ papaine 2 A9 EAE 385 12 Yebgth zZtzhe g5ubdo] ulg ula
L& Fig. 69 JEIRon, 498 T4 papain A E Ta7F 7M1 & Aog YEy
o}, 5o wE HFzo Bgxy ZEE Table 29 Jetulich Fd3 =9} QA7 =d
o] A Novozym 3429} papainz] 2] € cellulase7} H]$=3 A& H 20, crude cellulase?]
S5 EE 283 ZE7 A Jdguo o A Aed vieh ol 4z I
Ao EA3ME endo HET exo AR ZF H| o] ME ] wEQd RAor Az
gt olde] ARz, Ehe ¢ WAL E5 B AFE, WAL FHAN 714
2t AMgStE €59 HlsiA sy, BElA 2k FfdE ta 3 2H3E 1Y
ol EAYEYHQA A AR BARRA dFoz wAurty] gEQ Aoz
Bojzt}, Papain* 2]l @ cellulase?] 7% ol crude cellulase® ot %2 B84 ZFEE 2ol
I QS22 endoglucanse®] ¥ &S EYo2ZA Ho 2 E8F FEE ¢ F d& A
ojth, 3 AdAHow AAEI g BEF A2 Novozym 3429 H| 3|4 papaind 28 &
27} AFEdAA 78 A Bo|i 0o, papainH @ cellulased] F$= E83 %
TR H=d AE Holx dtk. T reeseidlA AAFE crude cellulaseE papainl 2
Aeld A, endo LT exo HE9 HEHANAM AL 5 a9 v AFE Ho
3 qemn, o] crude cellulased] 9% BEA exo AR BAHEL dAALozN A&
&5
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Fig. 1. Brightness of deinking pulp using either  Fig. 2. Freeness of deinking pulp using either
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papain-hydrolyzed cellulase (Prep 1) or papain-hydrolyzed cellulase (Prep 1) or
dialyzed cellulase(Prep 2) in flotation cells of dialyzed cellulase(Prep 2) in flotation cells of
different size. different size.

Table 1. Yield and physical properties of deinked pulp using either papain-hydrolyzed cellulase
(Prep 1) or dialyzed cellulase (Prep 2) in flotation cells of different size

Prep 1 Prep 2
Vol. of Flotation Cells (L) 0.85 85 0.85 856
Yield (%) 89.41 87.32 91.45 87.63
Tensile Index
(N - m/g) 36.32 41.05 3243 38.14
Physical Burst Index
Properties | (kPa + m%/g) 19 “sh L& Pt
Tear Index
b 5.23 541 413 490

Table 2. Yield and physical properties of deinked pulp mid-scale flotation

Prep 1 Prep 2 Prep 3 Prep 4

Yield (%) 87.32 87.63 84.99 9381
(Trj’fsllj‘jgl)“de" 4105 38.14 3837 4558

g:‘g;‘;gt ’ ](Bk‘g:“. {39;5 2.30 2,04 2,07 247
i o 541 490 6.06 491
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