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Abstract— The pretreatments of kraft pulp with an alkaline xylanase and a peroxidase were studied to enhance the bleach-
ing efficiency. Xylanase was most effective in a buffer solution of pH9. The pretreatment of kraft pulp with xylanase for
more than 3 hours at 40°C resulted in a sufficient bleaching effect. The pretreatments of kraft pulp with the simultaneous
use of xylanase, peroxidase, H;0.(0.1 mM), and a phenolic compound(l mM) increased the bleaching efficiency as compared
to the pretreatments with xylanase only. Guaiacol was most effective among the phenolic compounds used. Results from
scaled-up pretreatments(S L reactor) of kraft pulp showed that xylanase and peroxidase can lose their activities by the shear
force caused by the agitation of the pulp solution. Intermittent addition of H,0.. guaiacol, and peroxidase, in this turn, result-
ed in the best bleaching efficiency of kraft pulp. In this case the kappa number of kraft pulp decreased from the initial value
of 18.25 to 9.62 after the enzymatic pretreatment followed by an alkaline extraction in a 0.5N NaOH solution. Enzymatic
pretreatments of kraft pulp enhanced the alkaline extraction efficiency to a great extent.
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2 Agoll4] 483} phenol e Aldrich Chemical Co.(U.S.A.)ellA}
Felalgd o] vle} AeFE-& Sigma Chemical Co.(U.S.A)elA 9
shodch. Xylanase/EC 3.2.1.8, Pulpzyme HC)®} peroxidase(EC 1.11.1.
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9.0l 412] ¥E-&-E- ol gale] EH3 g} Xylanase2] #H4J2- 14 %ok

1 umoi2] xylose7} A% 49-2 tunite 2 vepich,
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HkAl 71w A FFEslgdch. olull@] pulp consistency = 5%Sitvh. et 7te]
FEE pulpEeE ot FRAA, Aoit A& 713 ¥ kappa
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7-10)el] ARG Folli= 1458 7hasteich HAHREE 50°Cel| 4
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Fig. 1. Effects of solution pH on the efficiency of pulp treatments
with a xylanase. Buffers used were KH,PO,(pHG6, 7, 8),
NaCO,(pH9), and Na,B,0,(pH10) at 100 mM each. Values
of % decrease of kappa number were calculated based on
the kappa number of 14.5 after soaking in tap water fol-
lowed by the equilibration in each buffer. Other conditions
for the pulp treatment are described in the text.

2] kappa number 7}A-&(F A4S A A pulpAlE2] kappa number
off gk %y vhebisdch w3842} pHr} 99 ¢ Aambge|
ASo] 71 ¥gtow old kappa number®] 482 37.7%%icl.
vl 9 kraft pulp= de] F3(cooking) FAHE F3led Yal=ElE
2 AsxNkge] 3A pHrl &5 vlEY pulps] pHE 7] 9
sto] 24 acide] AHEFE a1 + Sl Fhol ek,
Xylanase = pulpel] F2sl= ko] ) 2u] Falto 2]sto] pulps}t
o] ubg-g go] M3 4 gloH[17]. webA] xylanase®} pulpAle] e
WAL ARE-Shs 4] el wlel AARICH & E4E pulpel
H2 F24E F 9l FE oW oE AME AY FEY AnE
ol &g o glrh & ol ol 4] 3= xylanase?} kraft pulpAlo]e] HE-&§
Ho| 7P 2 7l o2 9l 4hg-8-94(100 mM NaCO,. pH 9)el| A
40 A7lEkS wet pulp 15g% o) 60pL7A] E7HA]7]w A
pulp®] EMEHE A 3hich. Fig 20 vhehd 713 o] & e
rh-geto] 6ule) 79 kappa number7} FA4HMS A 145004 # 4
uhe 9 obte) & F 93692 of 35.4% Fhashlel Ao A}
£2k8 60uLo 2 108 E7}A)7-% 7% kappa numbere 39.4% %
a3ldet. & A4F wet pulp 15gd 6uL o]k AHgetw 2R X
W F A2 o1 4= 9lew, kappa number?] ZtA &2 oF 35-40% ®
Holld ARg-she B4 ofoll ZA WtelA] W-E-& & 4 ek
A4ubee] f4-S uhE T Y ATl upepd WHln2 B oA
A= B2t ZH7 40 50°CY o uhgAI kY] Fotel
pulp®] kappa number 7}A8-& &3 3}¢ic}. Xylanase] AlgaR&
wet pulp 15 g% 60pL3] @v eh5-8-91-2 100 mM NaCO,(pH 9)°14l
t}. Fig. 3ol 7+ 9h-$-&5.(40, 50°C)ol| 4] uk--o] 2T 4| 77| A
4% 739 A)7belt mhE kappa number®] 7488 viehliglct. 2} vl
2% 0|4 kappa numbery H-g 347} Bt A4g F o|Fol=
tjo] A} 7FAstA] ostet. =3 kappa numbere WHE2 % 40°CelA
so°crrl ozt o] hastedct. oo} & A= xylanases] Aol
50°Col A AH4 888 vehlls Aleolel oldwl 72H2 A¥& F3)e.
xylanase % o] &%} kraft pulp 452 wet pulp(27.5% consistency)
15g% 6 uL o] 42) xylanase-S AHg-3he] 40°C, pH9 -2 off 4] 32]7F
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Fig. 2. Effects of xylanase loading on the efficiency of the pulp treat-
ment in a buffer solution of 100 mM KH,PO,, pH9Y.
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Fig. 3. Increase in the bleaching efficiency of pulp with treatment
time at 40°C(~) and 50°C(®), respectively. Other conditions
for the pulp treatment with xylanase are described in the
text.
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F7b gl e) ligning] F2s) ekl lignino] -g-alol 4
SA=2] 7] wWEQ) e Azbe] s Qleh5] et F(13]¢ A
] Aol ojsld o2 %9 guaiacol(l mM)} H,0,0.1 mM)yS &
Aokl A S 27 5 Uee & 5 A

£ Aol A= guaiacol ol HalgodAd x]57]5 712l phenol’y
A2l 4-ethoxy, 3,4-dimethoxy, 2.6-dimethoxyphenol Fo] HZF
WA fo v S RApslel e o Aok Table 1o vhepyll
t}. Xylanase9} peroxidase2] ARE-3k2- o.d. pulp 1kg z+2t 7200
EXU2} 3% 10 unitse|gich. F[13]2] Y&+ H0.4 F%7} 0.1
mM o] AF 2 Z7he A4S 230 pulp M E&o] Zhashe A
2 vehdo) wepd B el HO, ¥ phenold EHE A7t
3lod HFE FE(H.0,=0.1 mM; guaiacol=1 mM)E. Z|A]7] ¥ perox-



Table 1. Effects of phenols as radical carriers on the bleaching ef-
ficiency of kraft pulp with xylanase and peroxidase

EAHESo) 9|3t Kraft Pulpe] TwlE& 344} 81

Table 2. Effects of various enzymatic treatments on the bleaching
efficiency of kraft pulp with xylanase

Kappa number after extraction

Phenols added in 0.5 N NaGH

Kappa number after

Treatments ods L
featm method extraction in 0.5 N NaOH

No phenol added 9.74
3.4-Dimethoxyphenol(1 mM) 9.93
2,6-Dimethoxyphenol(1 mM) 10.15
4-Ethoxyphenol(1 mM) 9.72
Guaiacol(1 mM) 9.60
Guaiacol(2 mM) 9.11

Experimental details are described in the text. Each kappa number is
the average of the triplicated values. The numbers in the parentheses
are the initial concentrations of phenols.

idase & Fl3bodc). E4ubs o ode] & F pulpAlse kappa
7 Lol == 9.7491 ©.

guaiacol T+ 4-ethoxyphenol & H718}51-& 4ol 2+ 9.603¢
9.728 7tAasbedc} 3 guaiacol?] FEE 2mME F7HA S A%
oll+ kappa number?} 9.11% 42 7H4-3)gdc}. 2u} 3,4-dimethoxy-
phenolo]v} 2,6-dimethoxyphenol-g- 1 mM 3718191 -& 74 9ol = kap-
pa number?} 7}z 9933} 10.152 4] phenol 248 H7ls}=] ¥eks
el At S ‘”C}' ole} & 7’4"”/\1 ’:\."J'f"ﬂ o]gk
kraft pulp®] Fwl-%

Hetghs o 5 31‘11@-

number+= phenol’d 54-& H7}slRl oisks

3-3. 2ic|zt MSHBAE 0|8l kraft pulp EYQ| scale-upilE

212} A& oA «ylanase2} 7] peroxidase, H.0, % guaiacol$ A}
45 73S pulp EWASS o FURAE S glgel wech
Peroxidase ®F-3-of 4] 225+ H,0.9} guaiacol®] E1)8-2- 0] 24k 1
s 20]c). whelad ﬂ2lbk*a]‘?§v4 7492} 2 3 EA ubgoll s 270
Falgk 0.1 mM2] H.07F A% 3¢ peroxidase®] WH-5o] Z75
t} 18] 2 2 radical carrier 241 8Hg 7o #H 718 guaiacol 1 mM
ZF ol2& 0 2= 0.8mMe] uulgEle] &l Foff ololA gt}
wpzbd HobslE guaiacol 3 A4 ARRal7) glsiale wbE E AlS
H.0.8 2.3 Folok ﬂq 22]u pulpe] EWE &S HO.0 5%
7} 0.1 mM o) Abe A% ghastu g H0,9 F-gubel ahelaf gk
S ke 7o g o AR

Bl dis SLAEE Aubgr|E ol 83l (1) 7ol xy-

lanase, peroxidase ¥ guaiacol(l mM)yg- %<lgk ¥ & 1mM2] H.O,
Z og] 7] Heg d% T, Q) 2 ] ol xylanase peroxidase,
guaiacol(0.1 mM) % H,0,0.1 mM)g %413t ¥ 30%vict H,0,00.1

mM)¢} guaiacol(0.1 mM)y& & 53 $1i, (3) (2)e] vl ol A] uk-S-7|
Al & 30%vich H,0, % guaiacolS FFolsle] subgt 2% perox-
idase & F712 F4lshs dby Soll digte] Ag S sl em 1 Ax)

= Table 2 vJehllc}. 13} A& el AREEF pulpe] A x25-Al= 80g
°I°d£“% % Hl-g-goio] ¥9)% 2Lgdc). Pulp$2)2 motorel] 2}¥h
propeller type impellerZ- o] &8t} 70rpm o & wHbstgl o o) J A
-2 40°Cel| 4] 34 7E Ek Asgasitt. Table 1o vERY 73} ol
xylanasenh-g AHE8tolE 7-$ollv= kel % £ pulp®] kappa
number= 11.195:4] k2] flask Al§ol v] byl Tl difo] A s}yl
icth. o)z MAtukgrjol 4] wuke 2 i3} shear forcesl] 2J3be] xy-
lanase2] #Ajo] 4TS ‘/}E}"“‘-‘]r e} whg-gole) gutE T B
70pm o] 82 Y& A$elle nE TEAE 9 4 Holeh g
xylanase 2} 2;}’»4] peroxidase, HEOZ(O.lmM) % guaiacol(l mM)y& gt
A ARER-E S, HFE pulpAl£2 kappa numberys 12 5724 xy-

- Batch operation -
xylanase 11.19
xylanase + peroxidase + guaiacol{1 mM) 12.57
+H,0,(0.1 mM)
Continuous feeding of H,0, -
feeding rate;

2.1 mL/min 14.60
1.5 mL/min 14.49
0.7 mL/min 14.23
- Intermittent feeding of H,0, and guaiacol -
H,0, : Guaiacol=1 mol : 2 mol 13.30
H.0, : Guaiacol=1 mol : 1.5 mol 13.10
H.0. : Guaiacol=1 mol : 1 mol 13.01
- Intermittent feeding of H,0., guaiacol and peroxidase
H,0, : Guaiacol=1 mol : | mol 9.52

Each enzymatic treatment of kraft pulp was performed at 40°C for 3 hr
with agitation at 70 rpm in a 5L reactor. Each kappa number is the av-
erage of the triplicated values. Details of experimental methods are de-
scribed in the text.

lanaseth-& AF8-30& 7Mool Zuld go] 25)e 7hastednt. ol
peroxidase2| &A1 o 4] spdbo g Q1ZF shear forcedl] 2]3}ed 7law)
7] WFel Aog F&xch

H,0,9] %7} 0.1mM o)A} o 2 =8 7-9ofi= radical carrier®)
7 gle ples g e 2(13], B Agei = pulpgAel
xylanase 3! peroxidasc®} @A guaiacol 1 mM-S 718l £-efo]
X337} 1.9L7) B X% & F 20mM H,0, 8% 100mLE A& o
3 Felelsdct 0.0 2355 0.7, 1.5 % 2.1 mL/mini ¥ 3}4)
25 of Zhke) A% el 32 F 3E pulpA 82| kappa num-
ber: 14.23, 14.49, 14,6005t} & HO0) 34557} Ld42 1
W g go| ef7t Zrlstedvk 2ev} xylanasethg A2 HH
vz B ESo] AslE gt ol FFEH I W= HO7E 20 mM 2
aEE fao]r] u ol B LN HAE 7o & o= Hye
019’] ’\?')_‘5‘—7]' "xLE-"]” H:O, %’Q—qo} 'T‘ou I]E‘ Z]XE'}E’.] ‘?‘T}?IZ—:]' °\]. H.O. &
EE 20mM AES AMGE] 8 7oz Cdiakslch geld HOo
TF9 = a7bell pulpfAell ¢]n] peroxidase 2t guaiacole] &)
glpg Addas aF5e HOeR peroxidascﬁ}-‘-’—ol Huao g
ot = glc}. mepa] FZ7)el peroxidase ¥ guaiacole] 7ha%l 7
Folli= HO, §88 %5403 FFales v & nlshalsla] oFg
& oé— Ea }lo—lg}r

kg d#elAE pulpfol xylanases} peroxidaseh-3- -l 3}ed
& 27} 1917 952 8 & 20mM H,0, £98 10mL 7}3}e]
A 8-l s} 715 HO0.2 =7 oF 0.1 mM7} B2 E sisich He
0. 842 71h= &0l pulp&ole=
idaseqb-3~2 dofulx] ¢f=vh oF 28 Aw A £AE srubsie]
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Table 3. Effects of enzymatic treatments on the alkaline-extraction
efficiency of kraft pulp at various concentration of NaOH
(N). Numbers in the table are the kappa numbers of the fi-
nal pulp samples after enzymatic treatment followed by
the alkaline extractions

Treatment / NaOH(N) 0 0.1 0.2 0.3 0.4 0.5

Blank with no enzymes  18.25 16.25 1527 14.59 1446 13.97
Xylanase only 1455 13.88 1296 12.60 1247 11.19
Guaiacol system 11.25 10,60 10.55 10.13 1007 962

Experimental details are described in the text. Each kappa number is
the average of the triplicated values.
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