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ABSTRACT

Stricter environmental demands have increased the need to replace conventional C/D bleaching
sequence by chlorine-free sequence.

Permanganate is well known as a powerful oxidant and have been used industrially in variable fields.
However, it has been considered to be difficult to use permanganate as a bleaching reagent because of
its strong oxidative effect decreasing the viscosity of pulps extremely.

We have tried to use permanganate as a bleaching reagent for KP under the mild condition and it was
clear that pernanganate oxidized lignin remained in pulps selectively and increased pulp brightness
decreasing K number of pulps with small degradation of cellulose. We have employed the neutral con-
dition in the permanganate bleaching process in this study. In this case, permanganate was converted
to manganese dioxide after bleaching reaction. The manganese dioxide is remained in the treated pulp
fibers because of its insolublity in water. So it was required to reduction the manganese oxide to man-
ganese ion by using reductants with acid.

In this paper, we proposed to use oxalic acid as a reducing reagent converting manganese oxide to
manganese ion after bleaching reaction. Oxalic acid plays the role as a reductant and a acid, so post-treat-
ment after bleaching became to be easy by using oxalic acid. On the study using lignin model com-
pounds, it was clear that permaganate react with phenols firstly, after that oxalic acid reduce the
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manganese oxide to manganese ion in the mixture of permanganate, phenols and oxalic acid.
Several lignin model compounds (p-hydroxybenzaldehyde, vanillin, syringaldehyde, veratralde-
hyde) are selected to elucidate the effect of substituents on reaction rate and its mechanism with per-
manganate including oxalic acid in this study. Except for veratraldehyde, the rate of oxidative
degradation of phenolic compounds by permanganate with oxalic acid are higher than neutral con-
dition. Especially, the degradation rate of p-hydroxybenzaldehyde are strongly dependent on pH of
reaction mixture. On the other hand, the degradation rate of veratraldehyde are decreased with

decreasing pH and main degradation product is veratric acid. This result indicate that pH of bleach-
ing liquor should be kept over 2 to degrade of non-phenolic lignin in the pulps effectively in perman-

ganate bleaching.
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Fig. 1. Decomposition rate of permanganate with
vanillin( ---) and with oxalic acid(—).
(temp.: 20°C, permanganate conc.: 5 mM,
vanillin conc.: 20 mM, oxalic conc.: 20 mM)
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Fig. 2. Effect of molar ratio of permanganate to
phenolic model compounds on degradation
of the phenols during permanganate oxid-
tion under neutral condition.

HE - Fo]7]& 33(1) 2001

9| vh-go] ol4kstatito] ABAdE w7t 9] §h-g-Ql
7h B2 HFHOR 27te] Y7k ol ANE itz
o Bh3Rl7y HAA Uk ®, WiEld FPES
vanillinito] ot}7] 2o s 4719 28|
TFE7L T2 RY BH&S oA Hak=x, 191
YA ET A SEe] Eneh v 2
7] pHel| whg 2aj&2 ojR A Wsl=x] Tl ¢
o}, 2efA, o Fo) HmAd ERrES AMEste 34
24 Ao A 2] vk} oxalic acidS H7H5t Ale]o
Ao} 3-8 7A@ A IE)Y TS-Eol sty
H 23}t

Fig. 2& 7% diE3dES o83ty itz
B 718 BHE WHIAA WG SOl 2Fshe
713& HPLCZ A#F3l%ch vanilllin, syringal-
dehyde, veratraldehyde 329 #H&3gdES 7y
MRS E|7F SUHetH 27 MEA FAER|
9t p—hydroxybenzaldehyde= AA3] AAEE 3
g Jep D ook 8] 3o A& 71Ho] o 50% RE
S3HA] oAl AR glgle, o) 2= p—hydrox-
ybenzaldehyde7} I ETE wh-g4do] ©&
AE oujgit},

Fig. 3& oxalic acidg& #7}5t %92 duto|ct,
o] A¢E p-hydroxybenzaldehyde’} th2 =3}
FEL F53 WSES YEp v}, &, A
Zrgol 2%t p—hydroxybenzaldehyde?] &&&2

2 100

& -~ p-hydroxybenzaldehyde

8 -

% 80 —@= vanillin =
1S —a— syringaldehyde

j=2]

£

% 60 —~o= veratraldehyde | |
I}

=

2 48

=

8

5 20

(]

[

2

©

o 0

o 0 1 2 3 4 5

Molar ratio (permanganate/substrate)

Fig. 3. Effect of molar ratio of permanganate to
phenolic model compounds on degradation
of the phenols during permanganate oxid-
tion under acidic condition.
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Fig. 4. Effect of addition of acidic reagents on
degradation of p-hydroxybenzaldehyde.
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Fig. 6. Effect of addition of acidic reagent on degra-
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Fig.7. Effect of pH on degradation of substrates
during permanganate oxidation (pH were
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hydroxide).
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